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Editorial 
New Aspects and Problems in Interpreting Arrhythmias 


HERE are 3 pillars upon which our 
. understanding of irregularities 
of the heart beat rests: 1. The recognition 
of a system of special myocardial fibers, 
part of which serves as a lone bridge to link 
the myocardium of the atria with that of 
the ventricles. 2. The property of all portions 
of this special system to create impulses 
and transmit them forward and backward. 
3. The presence at the start of each cardiac 
cycle of a period of gradually lessening un- 
responsiveness to stimulation, a phase of 
absolute and relative refractoriness, that 
may become unduly prolonged under abnor- 
mal circumstances. The integration of these 
structural and functional characteristics for 
the background of a rational interpretation 
of cardiae arrhythmias is the result of the 
joint efforts of anatomists, physiologists, and 
clinicians in the past. This has been greatly 
aided by the introduction of an adequate 
tool, the electrocardiograph, to register ex- 
perimental and bedside observations. 

This ‘‘elassical’’ period of arrhythmia re- 
search left a number of fundamental prob- 
lems unsolved or only poorly understood. 
Biological processes underlying impulse for- 
mation in primary and _ subsidiary pace- 
maker regions remained completely unknown. 
"he mechanism of delayed transmission of 
mpulses through the A-V junctional tissues 
inder normal and pathologic conditions was 
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not known and was subject to various hy- 
potheses. Little understanding existed about 
the variability of the refractory phase in 
different parts of the heart. Theories were 
proposed to explain the commonest types of 
irregular heart beat, such as flutter, fibrilla- 
tion, and coupled premature systoles, but 
there was no general agreement as to their 
validity. Short of new methods of investiga- 
tion, arrhythmia research seemed to have 
arrived at a dead end, and this was restricted 
to the collection of interesting specimens and 
unusual examples—only some of which could 
be interpreted on the basis-of existing knowl- 
edge, the remainder could not. During this 
time, new problems in clinical electrocardi- 
ography were realized to lack thorough ex- 
perimental exploration, e.g., the riddle of 
ventricular preexcitation and of disorders of 
rhythm associated with it; the mechanisms 
underlying partial (concealed) conduction 
into the A-V junction and of aberrant con- 
duction within the ventricles; the existence 
of a supernormal phase and a ‘‘vulnerable’’ 
period in the cycle of the human heart; the 
dependence of certain irregularities of 
rhythm on derangements in the electrolyte 
equilibrium. 

Progress in technology in recent years and 
the introduction of refined methods of ana- 
tomic and physiologic investigation have pro- 
vided avenues for a fresh approach to these 
problems, as well as for testing the validity 
of classical concepts. The anatomist contrib- 
uted new dissection technics permitting syste- 
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matic examination of the structure of the 
specific system on a large scale in normal 
and abnormal autopsy material.? The 
physiologist, taking advantage of high fidel- 
ity electronic recording systems, has sup- 
plied methods: (1) to explore the function 
of impulse creation and propagation in 
areas deeply buried within the beating heart, 
and (2) to study the bioelectric behavior of 
living cardiac tissues at the cellular level.* 
Even ‘‘in vitro’’ models have been devised, 
e.g., the imitation of abnormal patterns of 
A-V nodal function by varying interplay of 
oscillators in an electronic analog.* 

The impact of this new era of experimental 
research is being felt in all aspects of elini- 
eal electrocardiography and cannot go un- 
noticed, especially by the investigator con- 
cerned with mechanisms of disorders of 
rhythm in man. Consequently, an attempt is 
made in this review (a) to compare, from 
the clinical standpoint, newly gained knowl- 
edge with concepts currently applied in the 
interpretation of arrhythmias, (b) to outline 
some areas in which presently held views 
have been fortified, and (c) to present other 
ideas that require revision or appear entirely 
untenable, in the light of recently established 
facts. 


Morphology and Function of Conduction 
System 


The existence of a specific muscle system 
in the heart, doubted by some, has now been 
fully confirmed and its principal structure 
has been found to correspond to the original 
descriptions. However, in the course of re- 
newed systematic studies, muscular connec- 
tions, previously unknown, were detected 
linking the A-V node and the common A-V 
bundle to the left ventricle.6 Conceivably, 
such ‘‘paraspecific’’ fibers could serve as po- 
tential short-cuts for atrioventricular impulse 
transmission which bypass ordinary chan- 
nels of ventricular activation. Recognizing the 
availability of more than a single anatomic 
path between atria and ventricles, which could 
have different conductivity properties, is im- 
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portant from two standpoints. On the < 1¢ 
hand, it provides support for the existence 9f 
dual types of A-V conduction, first implied .y 
clinical observers,** and lately also by phy .i- 
ologists*"! in explaining (a) reciprocal be t- 
ing (‘‘echo phenomena’’), (b) some parado 1- 
cal features of forward and retrograde A V 
conduction with rapid heart rates, and ( 
the occurrence of aberrant ventricular e 
duction with slow heart rates. On the oth r 


hand, it may be necessary to revise some cv ° 
rent principles applied in the distinction |: 
tween various supraventricular and ventric 

lar ectopic rhythms and mechanisms dete : 
mining aberrant ventricular conduction (n 
general.!* However, neither the implication 

functioning paraspecific fibers nor the assum 
tion of 2 pathways within the A-V node, ha 

ing different conduction rates, can account for 
all the problems posed by the preexcitation 
syndrome—especially by its associated disor- 
ders of rhythm. Here an abnormal, congeni- 


rt 


tally displaced, accessory A-V connection re 
mote from the ordinary conduction system 
appears to be in operation.® 1-15 

Important advances have been made _ in 
the understanding of the functions of the 
specific system as a generator and propagator 
of the cardiac impulse. In single specific fibers, 
slow diastolic loss of membrane charge, 
a ‘‘prepotential,’’ is demonstrable by micro 
electrodes, which precedes and initiates the 
characteristic rapid upstroke of the action 
potential.1® In aggregates of specific fibers, 
such as the S-A and A-V node, the sum 
total of such spontaneously developing ac 
tion potentials seems to be reflected in th: 
form of rapid oscillatory electric activity 
preceding depolarization of the surroundin: 
myocardium.'* However, this spontaneou: 
activity seems to differ from that triggere 
by extraneous stimulation. When impulse: 
initiated in the atria were traced in thei! 
passage through the A-V node, slow rising po 
tential changes were recorded with extracel 
lular'®’ as well as intracellular’ electrodes 
Furthermore, in single specific fibers, th: 
switch from propagated to spontaneous (pace 
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» iker) activity was observed to be associated 
\ th a change in the shape and size of the 
tion potential and the development of a 
epotential. On this basis, the idea can be 
tertained that bioelectrie phenomena re- 
lIting from intrinsic activity of nodal 
ers are different from those from extrinsic 
tivity. And since the maximal delay of 
mal and abnormal impulses can now be 
calized with reasonable certainty to fibers 
ining atrial and nodal myocardium, some 
isight has been gained into the ways by 
hich the A-V node accomplishes its double 
ietion. Experimental investigation now 
‘ems feasible on conjoint or dissociated dis- 
rders of impulse formation and conduction 
hich the clinician knows well do oceur 
following inflammation, ischemia, and drug 
uetion.?° 


Refractory and Supernormal Phase 


Much of the efforts of the physiologist in 
recent years has been devoted to detailed 
analysis of the mode and speed of recovery 


of atrial, ventricular, and A-V junctional 
tissues from complete unresponsiveness fol- 
lowing depolarization to the point of  res- 
titution of normal excitability. New data 
have been accumulated with exact methods 
of recording, some in experiments performed 
on single myocardial fibers,2! which must 
have a direct bearing on the understanding 
of disorders of rhythm in man. For, al- 
though little is known about the behavior of 
the refractory period in the human heart, 
its operation has to be implied in the analy- 
sis of the consequences of abnormal ‘‘active’’ 
ind ‘‘passive’’ ectopic rhythms, in primary 
‘onduction disorders, and in the explanation 
f flutter and fibrillation. The validity of 
uch empirical deductions in clinical elec- 
rocardiography can now be checked against 
‘recise newly established experimental facts, 
s illustrated in the following examples. 
When the well-known effects of stimulation 
ate upon the duration of the refractory 
eriod of atria, ventricles, and the A-V node 
‘ere submitted to new investigations, short- 
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ening or lengthening of the refractory phase 
dependent upon cycle length was found to 
take place abruptly, and not in a cumulative 
manner.” Furthermore, it was demonstrated 
in the dog’s ventricle that alterations of the 
absolute and relative refractory phases are 
not necessarily parallel but may take place 
separately and to different extents.2* Ap- 
plied to clinical electrocardiography, these 
experimental data lend support to the inter- 
pretation of some commonly encountered 
phenomena: (a) the preferential occurrence, 
particularly in atrial fibrillation, of aber- 
rant ventricular conduction when a _ short 
eyele follows a particularly long one—which 
has sometimes been mistaken for coupled 
beats of ectopic origin,!? and (b) the maxi- 
mal increment of conduction time in the 
second beat after an intermission in Wencke- 
bach periods—resulting in a_ particular 
ventricular arrhythmia in A-V block, and 
atrial arrhythmia in S-A block. On the 
other hand, the experimental finding of un- 
related variability of the absolute and rela- 
tive refractory phases provides a basis for 
the thesis that abnormal prolongation of 
either the relative or the absolute refractory 
phase, or of both, in the junctional tissues 
may be responsible (a) for different degrees 
of A-V block, and (b) for the occurrence 
of 2 types of second degree A-V block, one 
with and the other without progressive P-R 
prolongation.® 

The operation of a phase of supernormality 
has been invoked in clinical electrocardiog- 
raphy (1) in the explanation of coupled 
premature beats (‘‘extrasystoles’’) and of 
paroxysms of ectopic tachyeardia as a re- 
sult of repetitive response to a single stimu- 
lus, and (2) in the interpretation of ‘‘para- 
doxical’’ enhancements of depressed atrio- 
ventricular or intraventricular conductivity 
early in the cardiac cycle. The use of the 
same term for 2 totally different events—one 
referring to impulse formation, the other to 
impulse transmission—may have some justi- 
fication because of the factor common to 
both, namely, a_ short-lasting enhancement 
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of function. However, an inadequacy of such 
a terminology becomes evident when the tim- 
ing of the 2 supposed mechanisms relative 
to the recovery state of cardiac tissues is 
considered. Supernormal conductivity has 
been found to occur only in depressed heart 
tissues within the caleulated range of an 
abnormally prolonged refractory phase, while, 
contrariwise, a phase of supernormal excita- 
bility causing coupled premature beats has 
been postulated to oceur in normal hearts 
coincident with the U wave, after the nor- 
mal refractoriness following the primary 
response has ended. 

This dilemma in concept and semantics 
can perhaps be resolved by taking into ac- 
count the details of the recovery process as 
explored experimentally with improved and 
sensitive registration methods. Short periods 
of hyperexcitability (‘‘dips’’) were found 
in the recovery curves of atrial and ventric- 
ular myocardium during the time of the 
absolute refractory phase, toward the end 
of the relative refractory phase, and some- 
times after the completion of the latter.* No 
such data are known for A-V nodal tissue, 
but a supernormal phase has been seen at 
the end of the action potential in isolated 
Purkinje fibers.'® On this basis, the notion 
could be entertained of a modulation of the 
over-all process of recovery by superimposed 
oscillatory (metabolic) events on the cell 
membrane* resulting in momentary fluctua- 
tions of excitability or conductivity. A com- 
mon background thus can be visualized, and 
a common valuable term maintained, for two 
processes seemingly distinct in their timing 
within the cardiac eycle. 


Animal Experiments vs. Human Pathology 


The applicability of data gained under 
artificially created experimental conditions to 
phenomena of human physiology and pathol- 
ogy may be questioned. As far as the re- 
fractory period of the heart is concerned, 
this jump seems to be feasible, since no 
fundamental difference in the behavior of 
refractoriness under various circumstances 
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has been found in cardiac tissues of th 
various animal species. Moreover, in an ii 
geniously devised experiment, no difference 
could be detected in the responses of cardia 
fibers to direct electrical stimuli and to in 
pulses propagated from neighboring tissues.* 
However, such clinical extrapolation of ex 
perimental data may be misleading in othe 
investigation, particularly thos 
dealing with specific disorders of cardia 
rhythm, as exemplified by recent develop 
ments in the controversial field of the mech 
anisms of atrial flutter and fibrillation. On 
the basis of the ability to reproduce al! 
known types of atrial~arrhythmias in the 
normal dog heart by topical application ot 


areas of 


aconitine and other chemicals, the circus 
movement theory of flutter and fibrillation 
had been completely abandoned by some in- 
vestigators in favor of the theory of a single. 
rapidly discharging ectopic focus.*4 How- 
ever, a circulating wave has clearly been 
demonstrated by others, in the interim, in 
atria in which flutter was induced electri- 
cally after severe mechanical damage.” *° 
Furthermore, the operation of a rapidly fir- 
ing focus and a circus movement could be 
observed, side by side, in some _ prepara- 
tions.** Thus, these two mechanisms, clearly 
distinguishable on the basis of different re- 
actions to mechanical, thermic, and cholinergic 
influences, are not mutually exclusive. In 
fact one, the cireus movement, could be initi- 
ated and sustained by the other, as a sec- 
ondary mechanism characteristic for syn- 
cytial tissues. This occurs when the heart 
is exposed to very rapid stimulation, re- 
sulting in relaxation, unlike skeletal muscle 
which reacts with a tetanie contraction. In 
any case, it would appear at present that 
aconitine-produced flutter and fibrillation 
and that induced by electrical stimulation 
are two different processes, either of which 
may occur in the human heart. The possi- 
bilities of distinguishing the two in clinical 
electrocardiograms on the basis of the con- 
figuration of the atrial deflections have been 
pointed out.?8 
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rhis brief review has touched upon some 
‘omplishments of recent anatomic and 
perimental research which should be wel- 
me to the clinician because it shows him 
ivs to handle unsolved problems, old and 
w. Unfortunately, other clinical problems 
ve not yet been considered by the experi- 
tor employing these modern methods, 
rhaps because he may not be aware of 
e potentialities of his new tools in attack- 
x and unfolding the mechanisms operating 
the diseased human heart. Some of these 
| oblems are posed by the following ques- 
ions: What is the mechanism of coupled 
; ‘emature beats? Is it a re-entry process or 
multiple response? After all, cannot one 
‘ the other take place distal to a depressed 
i.voeardial region, the common postulate® 24 
of the 2 prevalent but divergent theories? 
\Vhat is the nature of the protective mecha- 
ism that permits continuous undisturbed 
parasystolic activity of an ectopic center? 
If normal and abnormal retardation of im- 
pulse transmission from the atria to the ven- 
tricles is to be localized in the atrio-nodal 
junction, then what is the nature of con- 
vealed A-V conduction? Is it a gradual de- 
crement of impulse intensity, or an inere- 
ment of excitation threshold in successive 
clements of conducting tissues, that permits 
ihe impulse to traverse the greatest obstacle, 
penetrate deeply into its path, but prevents 
| from reaching its destination? Is the 
hort-lasting action potential of single nodal 


ibers a correct measure of the refractory 
riod of the entire A-V junction, or rather 
ould it be that nodal tissue has the property 
f producing weak, nonpropagated poten- 


ials—early in the cyele under normal condi- 
ions, and for a protracted period in de- 
ressed and diseased states? And, finally, is 

possible to quantitate at cellular levels 
ie potassium-digitalis relationships that en- 
ance or suppress impulse formation in 
‘topic centers? These are but some of the 
iost burning fundamental questions one is 
iced with in everyday clinical electrocar- 
iography. They pose a challenge inviting 
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closer cooperation and exchange of ideas 
among physiologists and clinical investiga- 
tors—an exchange somewhat lacking in the 
past. 
ALFRED Pick 
RicHARD LANGENDORF 
Louis N. Karz 
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Supravalvular Aortic Stenosis 


Clinical, Hemodynamic and Pathologic Observations 


By ANDREW G. Morrow, M.D., JoHn A. WaupHAusEN, M.D., 
Rosert L. Peters, M.D., Ropert D. BLoopweiu, M.D., AND 


EUGENE BRAUNWALD, M.D. 


In 3 patients obstruction to left ventricular outflow was shown to be due to a localized 


narrowing of the aortic root at the point of insertion of the aortic leaflets. 
obstruction was localized by left heart catheterization and selective angiography. 


The site of 
The 


pathologic findings in 2 patients are described and the problem of the surgical manage- 
ment of this unusual form of aortic stenosis is discussed. 


ED REVIOUS reports" * have dealt in detail 
S =with the clinical and hemodynamic 
findings in patients with obstruction to left 
ventricular outflow caused by congenital val- 
or subvalvular aortic More 
recently it has been shown that a systolic 
pressure gradient between the left ventricle 
and aorta 


vular stenosis. 


also result from functional 
obstruction in the outflow tract of the ven- 
tricle secondary to massive left ventricular 
liypertrophy.** Among the group of patients 
with congenital aortic stenosis who have been 
studied at the National Heart Institute, 3 
have been shown to have obstruction to out- 


may 


flow caused by a constriction in the aorta 
itself immediately distal to the valve. In the 
present report the results of diagnostic studies 
in these 3 patients are described and the 
pathologic findings in 2 of them are presented. 


CLINICAL SUMMARIES 


1. J. R., an 8-year-old girl was, first admitted 
o the National Heart Institute in November 1956, 
nown to have a heart murmur since birth. Her 
rowth and development have been markedly re- 
irded (her weight was below the third percentile 
na standard grid) and she had been subject to 
requent respiratory infections. The heart was 
nlarged and the point of maximal impulse was 
ie sixth intercostal space in the midelavie- 
lar line. A systolic thrill was palpable at the 
ase of the heart and over the carotid arteries. 
he second heart sound in the pulmonary area 
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was accentuated and split. A grade-IV/VI sys- 
tolie ejection murmur was heard best along the 
right sternal border and was transmitted to the 
neck. The rhythm was regular. The blood pres- 
sure in the right arm was 106/16 and in the left 
arm 112/0 mm. Hg. The electrocardiogram re- 
vealed sinus tachyeardia, left ventricular hyper- 
trophy, right axis deviation, and P waves sugges- 
tive of right atrial enlargement. Fluoroscopic 
and radiographic examinations demonstrated en- 
largement of both ventricles. The aorta was not 
dilated. At right heart catheterization the pulmo- 
nary artery pressure was 70/24 mm. Hg, and the 
catheter was passed through a patent ductus into 
the descending aorta. A retrograde thoracic aor- 
togram was carried out (fig. fr). The sinuses of 
Valsalva appeared normal, and there was an ap- 
parent constriction of the aortic root immediately 
above them. Some left ventricular opacification 
indicated mild coexisting aortic regurgitation. The 
aorta itself was smaller than normal. The patent 
ductus was again demonstrated. 

In February 1957 the patent ductus was closed 
through a posterolateral thoracotomy. Although 
the aortic root could not be inspected, a pressure 
gradient between the left ventricle and aorta fol- 
lowing closure of the ductus was confirmed by 
simultaneous pressure measurements. The left 
ventricular pressure at this time was 194/10 mm. 
Hg and the peak systolic gradient was 81 mm. 
Hg. 

In the 2 years following this operation, the 
child experienced no further serious respiratory 
infections but still failed to grow and gain weight. 
She began to complain of fatigability and became 
dizzy with strenuous exercise on several occasions. 
She was readmitted to the Institute in July 1958 
for re-evaluation and aortic valvulotomy. 

The physical findings on this occasion revealed a 
blood pressure of 96/80. The classic thrill and 
murmur of aortic stenosis were present, and the 
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closed * 
ductus 


Fig. 2. Drawing of the heart and aorta of patien 
J.R. The constriction at the upper margins of th 
sinuses of Valsalva and the valve deformity ar 
shown. The enclosed area is shown microscopically it 
figure 3. 


second heart sound in thé aortie area was dimin 
ished in intensity. Another right heart catheteri 
zation was performed; the pulmonary artery pres 
sure had fallen to 45/8 mm. Hg, and absence ot 
a left-to-right shunt was shown by a_ pulmonary 
artery nitrous oxide test of 1 per cent.6 Pereu 
taneous puncture of the left ventricle’ wa: 
carried out under general anesthesia. The peak 
systolic gradient between the left ventricle and 
femoral artery was 52 mm. Hg. Operation fo: 
relief of the supravalvular obstruction was recom- 
mended but on the morning of the scheduled pro 
cedure the child had cardiac arrest on the ward an 
attempts at resuscitation were unsuccessful. 
Pathologic Description. The heart weighed 20( 
Gm. and both ventricles were hypertrophied. Th 
aorta and pulmonary artery were in normal posi 
tion and there were no abnormalities of the cham 
bers or septa. The deformities of the aortic valv: 
and ascending aorta which produced stenosis ar 
illustrated in figure 2. There were 3 normal-size: 
but thickened valve leaflets. A fibrous band orig 
inated at the center of the free edge of each leaf 
let and inserted into the thickened aortie intima 
plica at the upper margin of the sinuses of Val 
salva. The resulting shelf-like thickening nar 
rowed the aortic orifice to a diameter of 5 mm 


Sinuses of 
Valsalva 


Fic. 1. Lateral view of the thoracic aortogram 
(top) and its schematic interpretation (bottom) ob- 
tained in patient J.R. The supravalvular area of econ- 
striction is indicated. 
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ove the stenosis the aorta was 10 mm. in diam- 
.. 
lhe microscopic appearance of a vertical section 
‘ough the left coronary leaflet is shown in figure 
There was considerable fibrous thickening of 
upper portion of the leaflet. The nodule of 
rantii was absent and the sinus of Valsalva was 
idged by a band of dense connective tissue that 
serted into the intima of the thickened aorta at 
» upper margin of the sinus. An area of sub- 
dothelial fibrosis in the base of the sinus re- 
mbled a “jet” lesion. There was moderate coro- 
ry arteriosclerosis. 
2. KE. B., was an 18-year-old boy in whom a mur- 
ur had first been noted immediately after birth. 
t the age of 7 years he developed subacute bac- 
rial endocarditis and pneumococeus type IV 
is cultured from his blood. The infection was 
red by the administration of penicillin and he 
id no symptoms until age 17, when he experi- 
iced sudden severe precordial pain and was hos- 
jitalized for 3 days. <A chest x-ray is said to 


ave shown a ealcified aneurysm of the ascending 
sorta. The patient had no further chest pain or 
limitation of activity and was asymptomatic at 
the time of his first admission to the } 
lleart Institute a year later. 

Physical examination at this time revealed nor- 
ial development and was unremarkable except 


National 


wv the cardiovascular system. The heart was en- 
larged and the point of maximal impulse was in 
the sixth left intercostal space outside the mid- 
clavicular line. A left ventricular lift was pal- 
pable at the apex and a systolie thrill was felt to 
the right of the sternum and over the carotid ves- 
sels. The aortic second sound was decreased and 
« grade-V/VI harsh systolic ejection murmur was 
\udible over the entire precordium; it was of max- 
imal intensity in the second and third right inter- 
‘ostal spaces. Blood pressure in the right arm 
was 110/70 mm. Hg and in the left arm 90/60. 
"he peripheral pulses were palpable and the 
‘hythm was regular. 

The electrocardiogram revealed left bundle- 
ranch block and there were occasional premature 
entricular contractions. Fluoroseopie and radio- 
‘raphie examinations of the chest demonstrated 
ippreciable enlargement of the left ventricle, and 
i calcified mass was seen to the right of the aortic 
rch. Right heart catheterization revealed a pul- 
nonary artery pressure of 20/8 mm. Hg and the 
uulmonary artery nitrous oxide test was negative 
15 per cent). The cardiac output at rest was 
:.26 L. per minute per M.? and on exercise rose 
0 4,26 L. per minute per M.? Left heart catheteri- 
ation was carried out by the transbronchial meth- 
d.§ The mean left atrial pressure was 12 mm. 
Ig and its contour was normal. The left ven- 


Fig. 3. Photomicrograph of section through the left 
coronary leaflet of the aortic valve in patient J.R. 
Orientation as illustrated in figure 2. PA, pulmonary 
artery; PV, pulmonary valve; LV, left ventricular 
cavity; AA, ascending aorta; RA, root of aorta; 
AC, left coronary aortie leaflet; SV, sinus of Val- 
salva; FB, fibrous band attaching leaflet to aortic 
A, left ante- 
rior descending coronary artery. Orecin-hematoxylin, 


d A TOG W 


MAAN 


Fig. 4. Pressure recording made in patient E.B. as 
a eatheter was withdrawn from the left ventricle 
(LV) into the aortic areh. The intraaortie pressure 
gradient is shown. The femoral artery pressure (FA) 
is also indicated. 


wall.; J, jet Jesion in base of sinus; LC 


tricular pressure was 300/15 mm. Hg and the 
right radial artery pressure, measured simultan- 
eously, was 155/86 mm. Hg, resulting in a peak 
systolic gradient of 145 mm. Hg. The cardiac 
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Fig. 5. Antero-posterior view of the left ventricular 
selective angiocardiogram (top) and its schematic 
interpretation (bottom) in patient E.B. The left 
ventricle is enlarged and its wall is greatly thickened. 
Both coronary arteries are grossly dilated. The aortic 
constriction immediately above the normal sinuses of 
Valsalva is indicated. The saccular aneurysm at the 


orign of the innominate artery is also opacified. 


output at this time was 6.50 L. per minute (indi- 
cator-dilution method) and the ecaleulated area 
of the stenotic orifice was 0.48 em.*/M.? body 
surface area. 


Because of the difference in blood pressure b 
tween the right and left arms the left ventric 
and aorta were catheterized from the right radi: | 
artery. On this occasion, under general anesthesi 
the left ventricular pressure was 180/12 mm. H 
and, as the catheter was withdrawn, progressive] 
lower aortic pressures were recorded (fig. 4 
Immediately distal to the valve it was 180/75 mn 
Hg, and in the aortie arch the pressure was 120 
75 mm. Hg. The femoral artery pressure wa 
110/75. The pressure tracings were considere 
diagnostic of supravalvular aortic stenosis, an 
to characterize the lesion further the catheter wa 
replaced in the left ventricle and a selective angio 
eardiogram earried out: 50 ml. of 70 per cent Uro 
kon were injected with a Gidlund syringe an 
anteroposterior and lateral films were simultan 
eously exposed at the rate of 6 per second (figs 
5 and 6). These demonstrated the left ventricl 
to be large and thick-walled. The aortic leaflet: 
were normal in position and mobility. Immedi 
ately above the valve there was an apparently 
diserete narrowing of the aortic root. The sinuses 
of Valsalva were somewhat enlarged and _ all 
branches of both coronary arteries were enormous- 
ly dilated and tortuous. The ascending aorta it- 
self was small and a saccular aneurysm was seen 
to fill from the aorta near the origin of the in- 
nominate artery. The lateral views (fig. 6) also 
demonstrated some reduction in the lumen of the 
transverse portion of the aortie arch. 

Operation for relief of the supraventricular ob- 
struction was recommended but deferred for 1 year 
at the patient’s request. He was readmitted in 
July 1958 at which time physical and laboratory 
findings were unchanged. At operation (July 17, 
1958) the aorta was found to be small and there 
was an intense systolic thrill palpable within it. The 
huge coronary arteries were again noted. The 
aortic root was dissected and, after the institution 
of cardiopulmonary bypass and elective cardiac 
arrest, the aorta was widely opened. The site of 
stenosis was a thick fibrous ridge and local resec- 
tion was deemed impossible. The lumen of the 
aorta at the site of constriction was enlarged by 
the insertion of a diamond-shaped prosthesis of 
compressed polyvinyl sponge. After 67 minutes 
coronary perfusion was restored but an effective 
heart beat never resulted. 

Pathologic Description. The heart was greatly 
enlarged, weighing 850 Gm., and there was a 2.5- 
em. calcified saccular aneurysm arising from the 
ascending aorta near the origin of the innomi- 
nate artery. The entire aorta was hypoplastic 
and was only 12 mm. in outside diameter. The 
coronary arteries were enormously dilated and 
tortuous; the right was 10 mm. in diameter and 
the left 7 mm. 
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In figure 7 the aorta has been opened to show 
ie stenotic segment, 18 mm. long, immediately 
bove the upper margin of the aortic valve. The 
wlyvinyl prosthesis lay in the position shown 
nd the diameter of this stenotic segment, includ- 
ng the prosthesis, was only 9 mm. The aortic 
alve leaflets were thin and saccular and their 
‘ree margins at the commissures were elongated 
.o that the margins of the leaflets lay 4 mm. be- 
ow the orifices of the coronary arteries. 

Just above the orifice of the saccular aneu- 
rysm was a healed dissecting aneurysm that re- 
entered the aorta just beyond the origin of the 
left subelavian artery. 

Histologic sections of the aorta revealed degen- 
eration and fibrosis of the media. These changes 
were particularly. pronounced in the thickened 
stenotic segment of the ascending aorta (fig. 8). 

3. J. J., a 7-year-old boy was admitted to the 
National Heart Institute in August 1958. A mur- 
mur had been first noted shortly after his birth. 
He had been asymptomatic except for slight fa- 
tigability. The child exhibited normal develop- 
ment and the significant physical findings were 
limited to the cardiovascular system. The blood 
pressure was 94/70, the peripheral pulses were 
normal. The heart was not enlarged but a ven- 
tricular lift was palpable at the apex. There was 


a coarse systolic thrill over the base of the heart 
which was also felt in the suprasternal notch and 
over the carotid arteries. A grade-V/VI ejection- 
type murmur was maximal in the second and third 
right intercostal spaces and was referred to the 
neck. The second heart sound was inaudible at 
the aortic area. 


The electrocardiogram demonstrated left ven- 
tricular hypertrophy, and this finding was con- 
firmed by the fluoroscopic and radiographic ap- 
pearance of the heart. Poststenotic dilatation of 
the aorta was not apparent. At right heart cath- 
eterization the pulmonary artery pressure was 
20/6 mm. Hg and the pulmonary artery nitrous 
oxide index was 3 per cent. Percutaneous pune- 
ture of the left ventricle was performed and the 
left ventricular pressure was 170/5 mm. Hg. The 
femoral arterial pressure was 110/65 mm. He 
and the peak systolic gradient was 60 mm. Hg 
(general anesthesia). 

These findings were confirmatory of congenital 
aortic stenosis and operation was carried out in 
October 1958. At thoracotomy the entire ascend- 
ing aorta was small and an intense systolic thrill 
was palpable within it. All the visible coronary 
arteries were greatly enlarged and tortuous. When 
the aortic root was dissected, a constriction imme- 
diately distal to the sinuses of Valsalva was ap- 
parent (fig. 9). No thrill was felt in the sinuses 
themselves, which were of normal size. <A cathe- 
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Fig. 6. Lateral view of the left ventriclar selective 
angiocardiogram (top) and its interpretation (bot- 
tom) in patient E.B. The supravalvular stenosis, 
dilated coronary arteries, and the aortic aneurysm 
are seen. The small size of the aorta itself is also 
well demonstrated. 





1008 MORROW, WALDHAUSEN, PETERS, BLOODWELL, BRAUNWALD 


Dissected 
channel\_ 


Fic. 7. Postmortem appearance of the heart and 
aorta of patient E.B. The stenotic segment of aorta 
and the prosthesis employed to enlarge the area are 
shown. The saccular aneurysm of the aorta and the 
disseetion associated with it are also indicated. 


ter was passed from the apex of the left ventricle 
into the aorta and the withdrawal tracing proved 
the presence of obstruction immediately distal to 
the valve (fig. 10). An attempt at surgical cor- 
rection of the lesion was deemed inadvisable. The 
child remains essentially asymptomatic. 
DIscussION 

Supravalvular aortic stenosis has been 
described only rarely but in the recent report 
by Denie and Verheugt® a review of cases 
previously described is included. The most 
common anatomic lesion is apparently a 
shelf-like thickening and hypertrophy of the 
plica at the upper margin of the sinuses of 
Valsalva. This type of stenosis may be asso- 
ciated with a valvular deformity as in pa- 
tient J.R. The fibrous bands that extended 
from the free margin of each aortic leaflet to 
the thickened plica were in this instance ap- 
parently responsible for associated aortic re- 
gurgitation. The morphology of the valve de- 
formity in patient J.R. suggests that the 
hollowing of the endocardial cushions was de- 
fectively performed and that the hypertro- 
phied plica may have been similarly derived. 
In the patient reported by Denie® the free 


Fig. 8. Photomicrograph of the stenotic segment of 
aorta of patient E.B. There is separation and fray- 
ing of elastic fibers and vascularization and fibrosis 
in the media. Orecin-hematoxylin, X 260. 


margin of the left coronary leaflet was fused 
to the aortic wall. The operative appearance 
of the lesion of patient J.J. suggested that it 
was of a similar type. 

The anatomic lesion of patient E.B. is 
probably not embryologically similar to the 
stenosis described above. 
ment was relatively long and was associated 
with hypoplasia of the aorta as well as de- 
generation and fibrosis of the aortic media. 
The history of endocarditis suggests this as 
an etiologic agent although the infection 
could have and probably did originate on a 
previously existing congenital stenosis. The 
fact that the entire aorta was hypoplastic in 
this, as well as the other patients, would sub- 
stantiate congenital narrowing as the basic 
lesion. 


The stenotic seg- 


A third type of lesion that may produce 
supravalvular stenosis was described by 
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Fig. 9. Operative appearance of the heart and aorta 
I 


if patient J.J. The characteristic hypoplasia of the 
iorta, and dilated coronary arteries are well demon- 
strated. The site of supravalvular obstruction is in- 


lieated. 


Cheu, Fiese, and Hatayama.'® This patient 
had a crescent-shaped fibrous membrane that 
encircled three fourths of the circumference 
of the lumen of the aorta and projected 1.2 
cm. into the lumen. Two normal aortic valve 
cusps were attached to the membrane. Anom- 
alous supravalvular aortic bands have been 
lesecribed and are included in the tabulation 
of Denie and Verheugt.! In spite of their 
speculative interest or possible embryologic 
relationship to anomalous valve development, 
clinical disease has not been evident in re- 
ported patients and the lesion has generally 
heen an incidental autopsy finding. 

On clinical examination the only finding 
that may serve to suggest the diagnosis of 
supravalvular aortic stenosis is the absence 
of poststenotie dilatation of the aorta. Since 
the aorta may not be dilated when subvalvu- 
lar or functional stenosis exists,?)* the pres- 
ence of supravalvular obstruction can be 
proved only by left heart catheterization or 
contrast radiography. The demonstration of a 
systolic pressure gradient within the aortic 
root clearly localizes the site of obstruction 
to a point distal to the valve (figs. 4 and 10). 
Left ventricular selective angiography and 
aortography proved the presence of the le- 
sion in the 2 patients in whom contrast 


Fig. 10. Pressure recording obtained at operation in 
patient J.J. The intraaortic pressure gradient is 
clearly shown. 


studies were carried out. The mere demon- 
stration of a systolic pressure difference be- 
tween the left ventricle and aorta does not 
localize the obstruction. Complete left heart 
catheterization is therefore necessary in the 
precise preoperative evaluation of any patient 
with congenital aortic stenosis. 

Supravalvular aortic stenosis would seem 
to carry with it the relatively grave prog- 
nosis associated with the more common forms 
of obstruction to left ventricular outflow. 
Although the coronary arteries originate be- 
low the stenosis and are subjected to an ab- 
normally high perfusion pressure, the addi- 
tional coronary flow provided apparently 
does not compensate for the increased burden 
imposed upon the left ventricle. When the 
leaflets are fused to the aorta, the entrances 
to the sinuses of Valsalva may be obstructed 
and compromise coronary filling. 

The method of surgical treatment employed 
in patient E.B. and contemplated in patient 
J.R. was suggested by Dr. John W. Kirklin."! 
He emphasized that excision: of the obstruc- 
ting ridge would necessitate severance of the 
attachments of the aortic leaflets and would 
certainly result in gross aortic regurgitation. 
The accuracy of this observation is shown 
by the relationships of the leaflets to the 
obstruction in figures 2 and 7. Kirklin sue- 
cessfully enlarged the diameter of the aortic 
root by the insertion of a diamond-shaped 
polyvinyl patch in a patient in whom the 
anatomic lesion was similar to those described. 
A significant reduction in the intraaortie 
pressure gradient was achieved and it would 
seem that this method of operative repair 
will find increasing application. 
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SUMMARY 

The clinical and hemodynamic findings in 
3 patients with supravalvular aortic stenosis 
are described. The diagnosis was established 
by left heart catheterization and_ selective 
angiography. Two patients died, one fol- 
lowing an unsuccessful attempt at surgical 
correction of the lesion. Pathologic findings 
in these patients indicate that the stenosis, 
which oceurs at the site of insertion of the 
aortic leaflets, is of congenital origin. The 
differentiation of this lesion from the more 
common forms of aortic stenosis and the 


problem of its surgical management are 
deseribed. 


SuMMARIO IN INTERLINGUA 

Es describite le constatationes clinic e 
hemodynamic in 3 patientes con stenosis 
aortic supravalvular. Le diagnose esseva 
establite per catheterismo sinistro-cardiac e 
angiographia selective. Duo del patientes 
moriva, le un post le van essayo de corriger 
le lesion per medios chirurgie. Le constata- 
tiones pathologie in iste patientes indica que 
le stenosis, que occurre al sito del insertion 
del cuspides aortic, es de origine congenite. 
Le differentiation de iste lesion ab le formas 
plus commun de stenosis aortic e le problema 

de su tractamento chirurgie es describite. 
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Lipoproteins, Cholesterol and Serum Proteins 
as Predictors of Myocardial Infarction 


By Irvine H. Pace, M.D., ann Lena A. Lewis, PH.D. 


The normal variability of lipoprotein and cholesterol levels was established for 6 women 
over a period of 5 months for comparison with levels in people who develop myocardial 
infarction. We have studied 107 normal men for 7 years. Among these 11 developed 
infarction and 6 angina pectoris. Little change in lipid levels was associated with these 
events. Electrophoretic patterns early after infarction showed certain relatively charac- 
teristic changes, especially increase in a-2 and 8 globulins and fibrinogen. Low-density 
lipoprotein also increased. While a-2 globulin was usually greatest in patients with the 
most extensive myocardial damage, there was little over-all correlation between lipo- 
protein pattern and severity of infarction. The “coronary profile’ can be more sharply 


delineated by repeated lipid measurements because as a group those with atherosclerosis 
and infaretion exhibit slightly elevated values. 


NE of the most persistent problems in 
O cardiology is inability to diagnose coro- 
nary atherosclerosis until manifestations of 
myoeardial ischemia appear and to predict 
the likelihood of myocardial infarction. The 
two may under some circumstances be separate 
problems but, surely, they are usually closely 
intertwined. The finding that cholesterol lev- 
els were raised in some patients after infare- 
tion and that infarction was more common in 
patients with persistent hypercholesterolemia 
suggested that measurement of this plasma 
constituent might have prognostic value. This 
has been shown to be true! ? on a statistical 
hasis but alone is often too unreliable for 
individual forecasting. 

When Gofman et al.* showed significant ele- 
vation of lipoproteins 3 or more months after 
infaretion and indicated a much higher ac- 
curacy of prediction using either lipoproteins 
or an ‘‘atherogenic index’’ compounded of 
other variables, hope was high that the prob- 
lem of the individual suspect of coronary dis- 
ease might be solved. This hope proved to be 
illusory in that the lipoprotein measurements 
were no better than cholesterol.4 Gofman’s 
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major contribution was in calling attention 
to the great importance of lipoproteins in re- 
lationship to the mechanisms of atherogenesis. 
It is currently well recognized that most of the 
lipid in the blood is in the form of lipoprotein 
and that the B-lipoproteins are the ones most 
actively concerned with atherogenesis. 

But there have been persistent doubts about 
these conclusions’ because most of the studies 
have been concerned with the lipid levels after, 
rather than before, infarction. So many 
changes in diet and living habits occur as a 
result of severe illness that the doubts may be 
justified. For this reason we have examined 
the serum protein and lipid patterns before 
and after the infarction in the same patients. 
In this way a longitudinal or ‘‘cohort’’ study 
has been done instead of the usual cross-sec- 
tional one. 

The Gofman ultracentrifuge technic has 
been modified by raising the specific gravity 
of serum from 1.063 to 1.21 with potassium 
bromide.*® The a-lipoproteins, the most dense 
of the lipid fractions, are then floated with 
the less dense lipoproteins, and permit more 
complete recovery of the S; 1-3 fraction. The 
a2-lipoproteins (—S;.2, 20-25, i.e., S, 1-3) are 
only partially resolved at the lower serum den- 
sity used by Gofman and the —S (1-10) are 
not resolved at all. In addition to somewhat 
the same information obtained at density 
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1.063, the —S 1-10 and 20-25 lipoproteins are 
clearly defined as well. The change in density 
requires a change in nomenclature : 


Sis S 1.06 
70-400 20-100* B+ y: globulin 
40-70 12-20 slow a, or fast BT 
25-40 3- B 
20-25 rs 
10-90* : 

1-10 a 


Electrophoresis 


*No measurable material normally present. 
TMobility of —S 40-70 fraction varies, usually mi- 
grates as @, to fast 8; may oceasionally migrate 


as v 
“ Yie 


The well known S, 12-20 fraction of Gofman 
corresponds to —S 40-70 at the inereased den- 
sity. Negative sedimentation or flotation is 
designated by the symbol —S in our nomen- 
clature. 

METHOD 

The electrophoretic pattern of the plasma pro- 
teins was studied by Longsworth’s modification of 
Tiselius’ method with use of phosphate buffer pH 
7.8 and ionie strength 0.16 «.7 Serum cholesterol 
was measured by the method of Abell, Levy, 
Brodie, and Kendall.8 Blood samples were drawn 
before breakfast. When sufficient serum was 
available, measureinent of lipoproteins was made 
at more than one concentration to obtain clearer 
resolution. 

Samples of blood were obtained in 84 patients 
as soon as possible after myocardial infarction. 
Studies were repeated at intervals of 5 to 10 days 
on 66. Four of the patients were studied at similar 
intervals after a second infarction. Twenty-five 
subjects were studied 3 months or more after in- 
faretion. 

Samples of serum of 107 normal men collected 
as described in detail in the cooperative lipoprotein 
study sponsored by the U. S. Public Health Serv- 
ice were analyzed at a density of 1.063.4 Studies 
were made yearly on each for 5 to 7 years. In 11 
of the subjects who suffered myocardial infarction 
and 6 with angina pectoris or coronary insuffi- 
ciency, lipoprotein studies were obtained after, as 
well as before, the development of symptoms of 
atherosclerosis. 

RESULTS 


Watkin, Lawry, Mann, and Halperin® 
found that the serum lipoprotein pattern of 
normal persons measured at d 1.063 by ultra- 
centrifugation usually varied relatively little, 
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This is such an important facet that we ex 
amined the ultracentrifuge pattern at d 1.2 
of 6 normal women aged 20 to 50 years a 
weekly intervals for about 5 months. Use o! 
the higher density reveals the —S 1-10 fraction 
not seen at d 1.063. 

Our results showed that the degree of sta 
bility was highly dependent on the specific 
lipoprotein fraction (fig. 1). The —S 1-10 
showed wide variations in sharp contrast to 
—S 40-70. The —S 70-400 was likely to ex- 
hibit unexpected and not easily explicable 
peaks. These variations are not so apparent 
in the tabular data of the means (table 1). 
Clearly, these data show the danger of accept- 
ing a single determination of lipoproteins as 
representative of the average concentration. 
We believe, however, that the alterations de- 
scribed here as occurring following myocardial 
infarction are beyond these limits of natural 
variation. 

Weekly measurement of serum cholesterol 
in 5 young women showed stability, especially 
when the average level was low. Above levels 
of about 260 mg. per 100 ml. the variation 
became large (fig. 2). 

The changes in lipoproteins and serum pro- 
teins found 1 to 4 days after infarction were 
highly variable. The majority, i.e., 44 of the 
66, showed increase in —S 20-25 and moderate 
elevation of as- and &-globulin (table 2). 
Another 15 of the 66 exhibited increase in low- 
density lipoprotein (—S 40-70 and —S 70-400) 
along with similar change in serum protein 
(subject ‘‘G,’’ table 2 and ‘‘L,”’ table 3, for 
example). Finally 7 of the 66 had marked 
changes consisting of a progressive rise in the 
following 2 to 3 weeks in low-density lipopro- 
teins and a double peak appearing in the 
—S 25-40 competent. a2- and B-globulin in 
these increased greatly; there was some ele- 
vation of &-globulin. Poor resolution of a- 
and f-globulin was noted concurrent with 
lack of resolution of the —S 20-40 component. 

The level of serum cholesterol in the male 
patients after myocardial infarction was high- 
est in the younger age group (25 to 35 years) 
and lowest in the oldest group (over 65 years), 
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TABLE 1.—Stability of Serum Lipoproteins of Normal Women 











Serum lipoprotein 
—S 70-400 40-70 25-40 
(mg. per 100 ml. serum) 








No. of 
Cholesterol determinations 


Subject 





192.6+5.5 209.541. 14 
261.9+9.9 200.643. 1] 
252.2+8.2 270.847.7 22 
260.0+6.2 9. » 
206.2+5.8 
364.0+9.3 


13.9-+2.1* 
7.921.9 
19.8+1.7 
13.54+1.8 
13.1+1.6 
6.2+1.4 


21.7+1.9 
13.1+1.3 
26.7+1.2 
21.3+1.5 
18.5+1.4 
19.8+1.4 


191.6+5.4 
148.6+5.3 
>250 
169.0+4.7 
127.3+12.4 
>250 


15.0+1.6 


19.6+1.2 
18.0+0.9 
18.1+0.8 
19.91.1 


o7 


) 27 
135.541.3 26 


248.3+10.9 24 





*Mean + S.E. mean. 


mg./100 mi -S1- 10 Lipoprotein 
275 275 
250 Ll. 250 
225 225 


200 200 
175 175 


275 E.p. 275 
250 250 
225 225 
200 
175 


mg. /l00mi -S 70-460 Lipoprotein 
40 40 
30 tet 30 
20 20 
10 10 
° 


40 


6 1 «614 18 22 «6 
Weeks 


mg./l00mi -S 1-10 Lipoprotein 
400 400 
375 375 
350 350 
325 325 
300 300 
275 275 
250 25¢ 
225 225 
200 200 
175 175 
150 150 
125 125 


mg./100 mi -S 40-70 Lipoprotein 


60 


20 


Fig. 1. Fluctuation of serum lipoprotein values of normal women. 


[In the small female group no such trend in 
cholesterol concentration with age was evident 
(table 3). 

Four subjects had a second myocardial in- 
faretion (table 4). The concentration of —S 
70-400 and —S 40-70 increased after both in- 
faretions. In 2 of the patients the —S 25-40 
fraction showed a double peak with maximum 


deflection at —S 27 and 33. Similar changes 
were noted after both infarctions. In subject 
“*R,’’ —S 20-25 showed greatly increased con- 
centrations at 14 days, and at 21 days the 
resolution of this component from the —S 
25-40 fraction was obscured. 

The serum cholesterol concentration in- 
creased between the second and fourteenth 































































































TABLE 2. 


Examples of Serum Lipoprotein Patterns Shortly after Myocardial Infarction 
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Days ao 
% after Serum Lipoproteins 
= Age myocardial = ~eceeeg eT st ssa ‘ = oo : 
2 . aod . . —S 70-400 40-70 25-40 20-25 1-10 
a (yr.) Sex infarction (mg. per 100 ml. serum) Cholesterol 
R 46 M 2 29 69 229 14 170 275 
14 182 88 104(32)* >182(26)* 108 313 
°] 104 94 >260 165 328 








G 55 M 3 91 47 
11 78 31 
18 39 70 






9 28 47 





Normal 
meant 


60+10.0 352+1.0 


S.E. 38-60 M 


day after infarction in 2, while less marked 
shifts were noted in the other subjects. The 
8-globulin was somewhat elevated at the time 
of the first study after infarction. 
even higher 2 to 3 weeks later. 


It was 
This is in 
contrast with the z-globulin in which the 
greatest increase was usually observed at the 
time of the first determination after infarction. 
The albumin, which was low initially, tended 
to return toward normal within 3. weeks. 
There was no significant change in y-globulin 
concentration during the early postinfarction 
period. The plasma electrophoretic and lipo- 
protein changes after each of the 2 infarctions 
were strikingly similar, i.e., a@-globulin was 
very high at the time of the initial study while 
f-globulin increased over longer periods. 

It was of special interest because of the be- 
lief that the ratio of a- to B-lipoprotein is a 
determinant in atherogenesis to find that the 
«;-lipoprotein (—S 1-10) was not constantly 
modified. There was a decrease of about 35 
per cent in one fifth of the patients 15 days 
after infarction, no change in 62 per cent, and 
an increase of 35 per cent in another fifth of 
the patients. These changes bore no relation- 
ship to the type of lipoprotein change dis- 
cussed above. 

There was little correlation between the 
lipoprotein pattern and the severity of the in- 


285417 


*__§ value of maximum point of deflection of peak. 








>200 16 200 
>200 18 145 
>250 10 145 


351 8 210 





366 19 255 
378 28 142 273 
>260 38 120 2°60 


14+0.9 


farction as judged by reading of the electro- 
cardiograms and the clinical evidence (table 
3d). While there was not always good corre- 
lation between the electrophoretic serum pro- 
tein pattern and clinical course, the increase 
in ae-globulin was usually greatest in the pa- 
tients with most extensive cardiac damage 
(patient DE, table 5) and least in those with 
minimal damage (patient WE, table 5). 

Lipoprotein Patterns Late after Recovery 
from Myocardial Infarction. The lipoprotein 
patterns obtained on 25 patients (33 to 72 
years of age) 3 months to 10 years after myo- 
cardial infarction showed a wide range of con- 
centration in all fractions. Eighteen showed 
a level of —S 1-10 lower than the mean control 
value for normals of the same age and sex. 
Unlike the levels soon after infarction, the —S 
20-25 concentration was significantly elevated 
in only 2 patients. The —S 40-70 ranged from 
8 to 100 mg. per 100 ml., 7 of the 25 falling 
above the level of 75 per cent of the normal 
population. The —S 70-400 ranged from 13 to 
160, 5 of 25 falling above the level of 75 per 
cent of the normals. 

Electrophoretic study of the plasma _ pro- 
teins of 20 of the patients showed compara- 
tively small from the normal 
concehtrations. The most striking alteration 
was dlevation of -globulin. Fourteen had 


changes 
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FLUCTUATION OF SERUM CIIOLESTEROL 
VALUES OF WORK..L WOMEN 


Cholesterol 
mg./100mi. 
300 


25 
Weeks 


Fic. 2. Fluctuation of serum cholesterol values of 
normal women. 


values above the normal mean of 1.11 + 0.03 
Gm. per 100 ml. Six of the 14 had values 
of 1.5 Gm. per 100 ml. or greater. 

Studies Made before and after Myocardial 
Infarction. The lipoprotein patterns were 
studied in 107 ‘‘normal’’ Cleveland execu- 
tives who had annual studies of their lipo- 
proteins at d 1.063 for periods up to 7 years. 
Twelve of these subsequently suffered infare- 
tion while 6 developed angina pectoris or 
coronary insufficiency as determined electro- 
cardiographically. The lipoprotein studies 
were repeated on them and, since the period 
was relatively long after infarction (at least 
2 months), it was hoped to avoid the effects 
of those immediate changes inevitably re- 
sulting from so serious an episode. 

Impressive is the lack of change; both 
lipoproteins and total cholesterol remained 
about the same. When weight loss was large, 
as, for example, in N-7, fall was noted as was 
to be expected. In one patient (N-11) a low- 
fat diet was taken, and this may have been 
responsible for somewhat lower lipid levels. 
Two of the patients (N-4 and N-8) received 
heparin regularly after infarction but this 
did not produce significant changes in plasma 
lipids. 

Of the 18 who developed infarction or 
angina 5 had S; 12-20 values greater than 


TABLE 3.—Relation of Serum Cholesterol to Age in 
Patients Soon After Myocardial Infarction 


Age range, years 25-85 36-45 46-55 56-65 >66 


No. of male patients 11 20 é 14 


Serum cholesterol 
mg./100 ml.* 


No. of female patients 


Serum cholesterol 
mg./100 ml. 7 330 =. 268 





*Average of values obtained 2-12 days after myo- 
cardial infarction. 


75 per cent of the normals, and 5 had 8S; 
20-100 values greater than the 75 percentile 
level, the level below which 75 per cent of 
the normal population falls. Of 12 sub- 
jects who had cholesterol studies before the 
appearance of overt coronary disease, 3 had 
values above the 75 percentile level of 
normal subjects. 
DiIscussION 

The profile of the patient who is developing 
coronary atherosclerosis is currently only 
dimly discernible. Family history of vascular 
disease, mesomorphie physique, persistent ele- 
vation of plasma lipids and urie acid, slight 
elevation of arterial pressure, and possibly 
obesity make up the usual picture. Non- 
specific abnormalities of the electrocardio- 
graphic waves are believed to have some 
prognostic value according to Doyle et al.!° 
These, plus the heavy consumption of fat, 
tobacco, and alcohol are factors thought to 
add accuracy to prognosis. The fact that 
there are sO many components suggests a 
lack of specificity of any one. Indeed, it is 
not at all improbable that there is no specific 
determinant of atherogenesis, hence the pro- 
file will be reflected in the mathematical 
relationship among a variety of factors. 
There is wide division of opinion as to the 
significance of stress. There may even be 
several groups of individuals prone to coro- 
nary disease!'1° differing in the totality of 
their several characteristics. 

The closely associated problem of myocar- 
dial infarction has still other and not neces- 
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sarily related facets. It is well recognized 
hat coronary atherosclerosis leads to throm- 
sis in a capricious fashion and _ that 
hrombosis can occur ravely in its absence. 
The clinical picture is even further compli- 
‘ated by the fact that thrombosis is not a 
necessary precedent to myocardial infare- 
tion. Having said this we must, however, 
proceed with our investigation under over- 
simplified terms. This we fully confess. 

Our results, along with those of Watkin, 
Lawry, Mann, and Halperin,® who also made 


100 ml.) 


(Gm. 


serial lipoprotein determinations at a dif- 
ferent density -on normal subjects, show that 
they exhibit sufficiently stable lipoprotein 


Electrophoretic protein pattern 
TP. 


and protein patterns to make cautious com- 
parison with patterns over a period of months 


Cholesterol 


or years. Our results, however, show that 
stability depends much on the fraction of 
lipoproteins examined. The —S 40-70 are 
stable and the —S 70-400 and —S 1-10 rela- 
tively unstable. 


1-10 


20-25 


Even when laboratory error is_ largely 
eliminated, serum cholesterol values - still 
show considerable variability. While fasting 
values are a little less variable, meals do not 
vreatly affect cholesterol levels. Cholesterol 
values tend to rise with age as measured in a 
population'*!® but it has now been repeatedly 
shown that this need not be true in all 
healthy individuals.’*'® Unfortunately, the 
notion is now firmly fixed, due merely to 
repetition, that cholesterol always rises with 


age. 


25-40 


Serum lipoproteins 
(mg./100 ml. serum) 


40-7 


Electrophoretic Protein Patterns 


—S 70-400 


in 


hospital, extension 


of infaret 


Some pain for 
pain 
ventful, no 


few days in 


There is some disagreement as to the 
normal variability of cholesterol levels in the 
same individual. Thomas and Eisenberg?’ 
have presented both an excellent study and 
a literature survey of the problem. They found 
92 per cent of the initial values of medical 
students lay between 150 and 299 mg. per 
cent, with a mean of 229 mg. There was a 
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anteroseptal 


Moderate 


Location and 
size of 
infarct 

anterosept 


no QRS 


changes 


posterior, 


posterior 


. 
u 


Days 
after 
infarct 


Mean+ 
S.E. 


wide range of values, but over periods of 


Age 


months or even years there was _ relative 
stability. 

Against the view that there is relative 
constancy of cholesterol levels in individuals is 
recent work showing that stresses of all sorts 


35-60 


*Meanx+S.D. 


Sex 











Subject 
Normal 
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TABLE 6.—Serum Lipoproteins, Determined at d 1.063, of Male Executive Group before and, 
When Possible, after Development of Myocardial Infarction 


Body 
wt. 
Subject (Ib.) (mg./100 ml. serum) 


S. 12-20 20-100 Cholest. Date of infarction Time after 
t or beginning vascular first study 
complication in months* 


N-] 75 - 3/10/53 25 


coronary insufficiency 


1 ot or or 
to cw 


o 
bo w 


angina pectoris began 


309 9/24/57 
291 posterior myocardial infarction, 
302 10/28/57—died 


1/5/53 


angina pectoris 


5/7/50 


10/9/5 myoeardial infarction 


3/25/5: 


9/15/51 


posterior myocardial infarction 


11/21/52 


posterior myocardial infaretion 


2/1/55 


7d angina pectoris developed, taking 
94 200 mg. heparin q. weekly 

56 53 

13 45 


53 270 


eo bo bo Ct 


56 105 243 myocardial infarction, died 
75 165 260 following acute myocardial 
87 251 218 infaretion 3/6/58 
424 264 
300 242 


(Continued on next page ) 
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TABLE 6.—Continued 


S, 12-20 20-100 Cholest. Date of infarction 


ah ea or beginning vascular 
subject _ mg. /100 mi. serum) complication 


10/24/51 

myocardial infarction, 
1/20/55 died, heart failure 
9/15/52 7/7/55 

6/14/53 
10/5/54 
6/22/56 


6/24/57 


N-10 3/: 65 92 





massive anterior myocardial 
infarct, on low cholesterol diet 
sinee 1955 


4/30/51 3/20/53 
4/28/52 
3/9/53 
8/18/53 
3/12/54 
3/1/55 
2/1/56 
1/11/57 
1/7/58 


myocardial infarction 


5/10/51 
5/28/52 
6/1/53 
5/19/54 
5/5/55 
5/2/56 
6/3/57 
6/30/58 


1/30/55 


angina pectoris 


3/30/52 
posterior myocardial infarction 
10/6/50 
9/4/51 


8/6/52 


7/1/52 
acute myocardial infaretion 





4/12/51 6/23/51 
died following myoeardial 


infaretion 


1019 


Time after 
first study 
in months* 


9 





12/1/58 
angina pectoris 


10/2/51 
6/24/53 4 j 204 
6/1/54 6: 36 
4/13/55 38 

11/11/56 é 18 
4/5/57 76 40 
9/16/58 176 54 
4/6/59 é 35 


O17 


196 
218 
205 
206 


183 


5/24/51 33 66 — 10/10/58 

5/27/52 ) 38 120 238 
5/26/53 45 138 251 
5/25/54 29 162 


3/24/55 j 18 90 


myoeardial infaretion 


238 
228 
5/17/56 58 141 239 
5/26/58 149 35 121 


267 
*This represents the time in months of onset of 


signs of infarction or coronary insufficiency 
after the first blood studies were made, 
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either lower them,?! raise them,** *° or have no 
effect. > 

The serum cholesterol was carefully studied, 
by Hammarston, Redmond and 
Wolf,2* in 12 well-controlled subjects who 
had sustained 


Cathey, 
myocardial infaretion. No 
weight change or gross alteration in diet 
occurred. Over a 9-month period a mean 
decrease of 13 per cent was noted. On 20 
occasions cholesterol rose higher than the 
mean for that individual and on 19 of these 
the periods were judged to be especially 
stressful. 

Our results on normal young women 
showed relative stability, especially in those 
with lower average levels of cholesterol. But 
those with levels above 260 mg. per 100 ml. 
varied to a considerable degree. There was 
nothing to suggest that stress was related 
to these changes, if it is meant by stress some 
event of great emotional intensity. 

We have for instance recently studied the 
effect of cigarette smoking on blood choles- 
terol levels over half-hour periods.?* No clear 
effect was discernible. It is not sure in our 
minds that smoking is a stress though it is 
said to be by some. 

Serum total cholesterol has been found 
slightly elevated in a statistically significant 
number of patients after infarction.! 2 7: *9 
But severe coronary atherosclerosis with or 
without myocardial infarction may oceur in 
the absence of hypercholesterolemia, the 
level of cholesterol being compared with con- 
trol values obtained from the adult American 
population. The slight lowering of lipid phos- 
phorus in relation to cholesterol which oe- 
curs in some patients does not occur in all. 
As shown by Page et al.’* when total lipid 
in plasma of normal persons rises, each of 
the 4 main constituent fractions also increases, 
but not to an equal extent. Free cholesterol 
takes the least, and neutral fat, the greatest 
part in the change. Phosphatides remain 
fairly stable throughout. If there is a signifi- 
cant fall in them, their usual stability might 
give such a reduction added significance. 

The most constant change in serum protein 
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pattern early after infaretion was increase 
in coneentration of g-globulin from 100 to 
300 per cent above normal as also noted by 
others.*°8? This fraction is a very complex 
one containing at least 10 components, in- 
eluding such diverse substances as glycopro- 
teins, haptoglobins, and renin-substrate. It 
is inereased in experimental hemorrhagic 
shock,** in hyperthyroidism,** Cushing’s syn- 
drome,*” and certain infectious diseases®® °* 
usually in which tissue catabolism is great. 
During the second week an increase in B and 
x globulin may take place.** 

Lewis and Page*® first pointed out that an 
elevated plasma £-globulin concentration is 
associated with oceurrence of vascular dis- 
ease. Thus, elevated levels have been observed 
in patients with vascular disease of varied 
etiology as well as in myocardial infarction. 
While patients with mild essential hyperten- 
sion usually have normal B-globulin levels, a 
high concentration was consistently found in 
patients with malignant hypertension. In 
diabetic subjects under good control, those 
without vascular complications usually had 
normal £-globulins, while those with diabetic 
retinitis or Kimmelstiel-Wilson syndrome 
showed elevated concentrations.** Frequently 
increase in fibrinogen was also observed after 
infaretion. But after 3 or 4 months the pat- 
tern was usually normal except for slightly 
elevated #-globulin. 

The change in lipoproteins elicited by the 
occurrence of infarction during the first 16 
days in 67 per cent of our patients was limited 
to an increase in the —S 20-25 component. 
This component has the same electrophoretic 
mobility as ae-globulin. In others (23 per 
cent) the —S 40-70 and less dense compo- 
nents increased. The last, and smallest group 
(10 per cent) showed progressive increase for 
3 weeks, or more, in concentration of the 
fractions with flotation rate above —S 25. 
The —S 25-40 component often changed from 
a single to a double peak with maximum 
deflections at —S 26 and 32. There was no 
relationship discernible between any of these 
components and the severity, or position, of 
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TABLE 7,—Serum Lipoprotein Pattern at Least Three Months after Myocardial Infarction 


Mo. after 
myocardial _ 
infarct. 


—S70-400 40-70 2 


6 >100 24 80 
35 68 >235 
24 80 20 300 
40 26 >235 
13* 47 182 
42 30 260 
50 37 >250 
30 38 >160 
70 35 >200 
30 26 >235 
16 8 160 
100 23 100 
10 28 >150 
12 28 >220 
60 ‘ >235 
16 28 140 
40 235 
40 
20* 
33 
150* 
64 
45 ~ 50 
64* 60 
52 { 150 100 


ee we Cl 
a ee 


- 


“Very fast rising component —S>400 4+. 
the myocardial lesions. Until more is learned 
about the effect of hypotension, fever, tissue 
necrosis, ete., during the acute episode, it 
will be difficult to determine which of these 
changes might be associated with the lipid 
changes occurring immediately after infare- 
tion. An increase in concentration of serum 
low-density lipoproteins —S 25-400, and de- 
crease in —S 1-10 was observed in our pa- 
tients receiving pyrogen injections. 

The decreased albumin concentration in 
the early period following acute infarction 
may be caused, in part, by increased rate 
of degradation of albumin due to fever. 
Flick and Steinfeld*® observed increased 
rates of degradation in subjects with fever 
induced by typhoid H antigen. 

The apparent low concentration of a- lipo- 
protein in females with infarction may be 
exaggerated by the fact that comparison is 
made of largely postmenopausal with a some- 


25-40 


Lipoproteins (mg./100 ml.) 


20-25 1-10 Cholesterol 


Additional notes 


6 101 Low cholesterol diet 


41 84 
12 99 
125 
118 Low cholesterol diet 
91 Low cholesterol diet 
170 
101 
198 ; Low chol.—low animal fat diet 
165 
120 Low fat diet 
125 - Low fat diet 
91 
91 
159 
170 
91 Malignant hypertension 
80 
125 Low fat diet 
79 


254 Dieumarol regularly 
136 
148 
136 


what younger premenopausal group of nor- 
mal women. Such factors do not enter into 
the evaluation of the men. In the men there 
was a definite tendency for the —S 1-10 
concentration to be decreased, although 6 of 
22 patients studied 3 months to 10 years 
after occurrence of infarction had normal 
values. 

Serum lipids were measured by Paterson, 
Cornish, and Armstrong?! in 800 patients 
permanently confined to a hospital. In the 50 
who died the total cholesterol and S- 12-20 
and S,- 20-100 fractions showed no significant 
relationship with the degree of atherosclerosis 
found at autopsy. They believe their prelimi- 
nary evaluation makes a poor ease for a di- 
rect relationship among certain serum lipids 
and atherogenesis. On the other hand, Spain. 
Bradess, and Greenblatt*? found the serum 
B-lipoprotein pattern, the dominant somato- 
type, and the degree of aortic and coronary 
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atherosclerosis as determined at autopsy in 
157 individuals to be closely correlated. 

Doyle et al.4* examined 28 survivors of 
myocardial infarction and found increase in 
lipoprotein cholesterol and phosphatide which 
was accounted for by an increase in the B-lipo- 
protein fractions. The wide overlap of values 
nullified the individual diagnostic value of the 
measurements. They concluded that presently 
available technics for measuring blood lipo- 
proteins are neither qualitatively nor quanti- 
tatively satisfactory indices of atherogenicity 
in a homogeneous population highly suscepti- 
ble to ischemic heart disease. 

The proportion of a range of fatty acids 
from Cg to Cop was examined by James et al.,*4 
using gas-liquid chromatography in 12 pa- 
tients with coronary artery disease and 12 
matched controls. No difference was found 
in the proportions of any fatty acids between 
patients and controls. The results do not sup- 
port the hypothesis that deficiency of essen- 
tial fatty acids is a factor in atherogenesis. 

Paper electrophoresis was used by Jencks 
et al. in the analysis of 77 men with myo- 
cardial infarets. A significant fall in @-lipo- 
protein and increase in B-lipoprotein was ob- 
served when compared with a control group. 
Elevation of total cholesterol was less marked. 
Confirming Barr*® they found less of the 
total cholesterol in the 2-lipoprotein during 
the first (6 months after infaretion. Ultra- 
centrifugal analyses of lipoproteins of the 
S- 12-20 class were less often abnormal than 
were electrophoretic analyses of the ratio of 
a-lipoproteins. Chapin and Proger*’ found 
in patients 1 to 3 weeks after recovery from 
myocardial infarction on the average rela- 
tively less phosphatide in the #-lipoproteins 
and relatively more in the a-lipoproteins 
when compared with sera of young women. 
Since paper electrophoresis was used in both 
these studies, definition of the limits of error 
of the method is highly to be desired. So far 
there is no indication that the distribution 
of cholesterol or phosphatide between the B- 
and z-lipoproteins have greater predictive 
value than cholesterol or total lipoproteins. 
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It also remains to be proved that these ratios 
truly reflect the colloid stability of the lipo 
proteins. 

Barr, Russ, and Eder*® and later Oliver 
and Boyd*® found a tendency for an absolute 
and relative decrease in «a-lipoproteins as 
measured by the Cohn fractionation method 
to occur in atherosclerotic patients. There 
was a concurrent increase in £-lipoproteins. 
These changes may occur in the absence of 
hypercholesterolemia or elevation of choles- 
terol/phosphatide ratio of the unfractionated 
plasma. Several months after myocardial in- 
farction our patients tended toward lower 
than average —S 1-10 values while some had 
normal or even high values. A low —S 1-10 
was not a consistent finding in the immedi- 
ate postinfaretion period although the mean 
value was lower than the mean for the con- 
trol group. Thus, two different methods show 
roughly the same thing, namely that «-lipo- 
proteins may be reduced but this is not an 
invariable finding in patients with myocardial 
infarction. 

Added importance is given these findings 
by the demonstration*” that estrogens promptly 
and consistently increase a-lipoprotein con- 
centrations while androgens promptly lower 
them. The concentration of the lower density 
—S 25-40 B-lipoproteins either did not change 
or changed in a direction opposite to that of 
the a-lipoprotein. These workers attributed 
the partial immunity of women to coronary 
atherosclerosis either to the relatively large 
concentrations of «a-lipoproteins or to the 
relatively high values for the high density/ 
lower density lipoprotein ratio. 

Lipoproteins have recently been measured 
in a variety of ways such as ultracentrifuga- 
tion at various liquid densities, free electro- 
phoresis, electrophoresis in starch blocks and 
in paper. This variation has made strict com- 
parison of the different fractions impossible. 

Paper electrophoresis has been used in 
study of sera from patients with myocardial 
infaretion. Dangerfield and Smith*!*? noted 
an increase in what they called a ‘‘pre-B- 
lipid band’’ in the early stages. This band has 
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. mobility slightly slower than g-globulin 
ind would probably be comparable to the —S 
20-25 and —S 40-70 (S- 12-20) fractions. 
it is believed to be chemically distinct from 
he adjacent B-lipoproteins. Other low den- 
sity lipoproteins trail behind the main £- 
lipoprotein peak while the chylomicrons do 
not migrate at all. 

Besterman** found the pre-B band mainly 
in patients with atheroma but the associa- 
tion was not absolute. Well-defined bands 
were found in some healthy young men. KEs- 
trogen was the only substance found that re- 
duced it. This study suggests that reduction 
in a-lipoprotein and inerease in pre-f-lipo- 
protein is more pathognomonic than an in- 
crease in B-lipoprotein. 

Since electrophoretic mobility is increased 
by injection of heparin into patients, it may 
be a source of confusion unless specifically 
noted in the treatment of patients with in- 
farets. 

Some of the patients reported here were 
included in a cooperative study* of lipopro- 
teins as predictors of myocardial infarction, 
in which we participated. During the sub- 
sequent follow-up period of up to 7 years 
after completion of this study of our subjects, 
additional infarctions occurred. The percent- 
age of the people having high levels of cho- 
lesterol and S- 12-20 and 20-100 lipoproteins 
at the initial study in this and in the co- 
operative study are similar. 
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SUMMARY 

Six normal women studied weekly for 5 
months showed small variations in serum 
lipoproteins in the —S 40-70 fraction and 
much wider in the —S 1-10 and —S 70-400. In 
normal individuals the lipoprotein pattern 
is stable enough, if measured repeatedly, for 
comparison with patients. In 3 of the normal 
women the serum total cholesterol levels were 
stable and in the other 3 much less so. Single 


measurements of cholesterol or lipoproteins 
can be dangerously misleading. 

The problem of levels of plasma proteins, 
cholesterol, and lipoproteins in their relation- 
ship to coronary atherogenesis, thrombosis, 
and myocardial infarction has remained un- 
settled. Most studies have been made after 
infarction and _ retrospective conclusions 
drawn. In our 7-year study during which 107 
‘‘normal’’ Cleveland executives were examined 
annually, 11 suffered infarction and 6 devel- 
oped angina pectoris or coronary insufficiency, 
which provided data in the same individual 
before and after these events. When the 
changes occurring during the first 2 months 
after infarction are ignored, then little 
change in lipid levels is associated with these 
events. 

Serum lipoprotein and electrophoretic pro- 
tein patterns were studied in 84 patients 
shortly after myocardial infarction and in 66 
repeatedly, at 5- to 10-day intervals for 3 to 
4 weeks. Four of the patients were studied 
after a second infarction as well. 

Most patients within a week of infarction 
showed increased B- and a@-globulins with 
moderate inerease in fibrinogen. Some ex- 
hibited increase in —S-20-25 and in low- 
density (—S 40-70 and 70-400) lipoproteins 
as well as the electrophoretic changes. Finally, 
a few had a progressive rise during the 2 
to 3 weeks after infarction in low-density 
lipoproteins with a double peak appearing 
in the —S 25-40 component ; as- and B-globu- 
lin increased greatly with some elevation of 
fibrinogen. ; 

Serum cholesterol was higher in the young 
male patients with infarction, and lower in 
the oldest age group with infarction. Similar 
age trends did not occur in women. 

After a second infarction, the low-density 
lipoproteins increased just as after the first 
one. A double peak appeared in the —S 25-40 
fraction in half of these patients. The elec- 
trophoretic and lipoprotein changes after 
each infarction were strikingly similar. 

There was little correlation between the 
lipoprotein pattern and severity of the in- 
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farction as measured by the electrocardio- 
graphic and clinical evidence. Increase in 
go-globulin was usually greatest in patients 
with the most extensive myocardial damage. 

Three months to 10 years after infarction 
the range of lipoprotein values tended to fall 
within normal levels but continued to exhibit 
slight preponderance toward values higher 
than the mean ‘‘normal.’’ 

The ‘‘coronary profile’’ can be more sharply 
delineated by repeated measurement of serum 
cholesterol and lipoproteins. As a group, coro- 
nary atherosclerosis with myocardial infare- 
tion-prone people exhibit slightly elevated 
cholesterol and lipoprotein values. 


SuMMARIO IN INTERLINGUA 


Sex normal feminas studiate a intervallos 
septimanal durante 5 menses exhibiva nivel- 
los seral de lipoproteinas que esseva micre 
in le fraction —S 40-70 e multo plus extense 
in le fractiones —S 1-10 e —S 70-400. Le 
condition del lipoproteinas in individuos nor- 
mal, si mesurate repetitemente, es satis stabile 
pro permitter su uso in le comparation con 
observationes in patientes. In 3 del normal 
feminas in iste studio le nivellos del choles- 
terol total in le sero esseva stabile; in le 3 
alteres, illos esseva multo minus stabile. 
Mesurationes individual de cholesterol o de 
lipoproteina pote esser fallacissime e riscose. 

Le problema del relation inter (1) le 
nivellos de proteina, cholesterol, e lipopro- 
teina in le plasma e (2) le occurrentia de 
atherogenese coronari, thrombose, e infarci- 
mento myocardial remane sin responsa defini- 
tive. Le majoritate del studios del question 
esseva effectuate post le occurrentia de in- 
farecimento, e le conclusiones derivate esseva 
de character retrospective. In nostre septenne 
studio, in le curso del qual 107 ‘‘normal’’ 
functionarios executive in le citate de Cleve- 
land esseva examinate a intervallos annual, 
11 suffreva infarcimento e 6 disveloppava 
angina de pectore o insufficientia coronari, 
de maniera que datos esseva obtenite ab le 
mesme individuo ante e post le mentionate 
eventos. Si le alterationes que occurre durante 
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le prime 2 menses post le infarcimento es 
ignorate, le conclusion se impone que le 
nivellos lipidic es pauco alterate in associa- 
tion con ille eventos. 

Lipoproteina seral e le comportamento 
electrophoretic de proteina esseva studiate in 
84 patientes brevemente post le occurrentia de 
infarcimento myocardial. In 66, le studios 
esseva repetite a intervallos de inter 5 e 10 
dies durante 3 a 4 septimanas. Quatro del 
patientes esseva etiam studiate post le oe- 
curentia de un secunde infareimento. 

In le majoritate del patientes, le deter- 
minationes effectuate durante le prime septi- 
mana post le infarcimento revelava augmen- 
tate valores pro globulina beta e alphas e 
moderate augmentos del valores pro fibrino- 
geno. Plure patientes exhibiva augmentos in 
lipoproteinas —S 20-25 e in lipoproteinas de 
basse densitate (—S 40-70 e 70-400) si ben 
como le alterationes electrophoretic. Final- 
mente, plure patientes habeva un augmento 
progressive durante le periodo de 2 a 3 septi- 
manas post le infarcimento in lor lipopro- 
teinas a basse densitate, con le apparition de 
un duple culmine in le componente —S 25-40. 
Globulina alphas e beta cresceva grandemente 
con un certe grado de elevation de fibrinogeno. 

Le cholesterol del sero esseva plus elevate 
in Juvene patientes mascule con infarcimento 
e plus basse in le gruppo del plus avantiate 
etates con infarcimento. Un simile tendentia 
non esseva observate in le patientes feminin. 

Post le secunde infarcimento, le lipopro- 
teinas de basse densitate se augmentava pre- 
cisemente como post le prime infarcimento. 
In un medietate del patientes, un duple cul- 
mine appareva in le fraction —S 25-40. Le 
alterationes electrophoretic e lipoproteinic 
post le duo infarcimentos esseva frappante- 
mente simile. 

Esseva constatate paue correlation inter le 
stato lipoproteinic e le severitate del infarci- 
mento evalutate super le base de datos elec- 
trocardiographie e clinic. Le augmento de glo- 
bulina alphas esseva usualmente le plus pro- 
nuneiate in le patientes con le plus extense 
affectiones myocardial. 
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A periodos de inter 3 menses e 10 annos 
post le infarcimento, le valores pro lipopro- 
teina tendeva a restaurar se al area inter le 
extremos del valores de normal, sed _ illos 
continuava exhibir un leve preponderantia 
de nivellos superior al norma medie. 

Le ‘‘profilo coronari’’ pote esser delineate 
plus nettemente super le base de repetite 
mesurationes del cholesterol e del lipopro- 
teinas seral. Reguardate como un gruppo, 
subjectos con predisposition a atherosclerosis 
e infareimento myocardial exhibi leve ele- 
vationes del valores pro cholesterol e lipo- 
proteina. 
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To Morgagni, not Rougnon, is due the credit of the first deseription of a single ease. 
In the splendid section on aneurysm of the aorta, he describes angina pectoris accurately 
in Case V, referring to the paroxysms, the pain, the difficulty of breathing, the numbness 
of the left arm, and the effect of exertion. I read you here extracts from the case. 

“A lady, forty-two years of age, who for a long time had been a valetudinarian, and 
within the same period, on using pretty quick exercise of body, she was subject to 
attacks of violent anguish in the upper part of tne chest on the left side, accompanied 
with a difficulty of breathing and numbness of the left arm; but these paroxysms soon 
subsided, when she ceased from exertion. In these cireumstances, but with cheerfulness 
of mind, she undertook a journey from Venice, purposing to travel along the continent, 
when she was seized with a paroxysm, and died on the spot. I examined the body 
on the following day. . . . The aorta was considerably dilated at its curvature; and, in 
places through its whole tract, the inner surface was unequal and ossified. These ap- 
pearances were propagated into the arteria innominata. The aortic valves were in- 
durated.” He remarks: “The delay of blood in the aorta, in the heart, in the pulmonary 
vessels, and in the vena cava, would occasion the symptoms of which the woman complain- 
ed during life; namely, the violent uneasiness, the difficulty of breathing, and the 
numbness of the arm. (Cooke’s Morgagni). —Wi1t1am Oster, M.D. Lectures on Angina 
Pectoris and Allied States, 1897. 





Relationship Between Plasma and Extracellular Fluid 
Volume Depletion and the Antihypertensive 
Effect of Chlorothiazide 


By \Iuse M. Witson, M.D., anp Epwarp D. Frets, M.D. 


With the technical assistance of Mary J. Taylor 


The importance of plasma and extracellular fluid volumes in the mechanism of the anti- 
hypertensive effect of chlorothiazide is disputed. The present investigation indicates that 
the lowering of blood pressure is accompanied by reductions in plasma and extracellular 
fluid volumes and in body weight. Furthermore, re-expansion of plasma volume with 
salt-free dextran reverses the antihypertensive effect. However, since gradwal reaccumu- 
lation of extracellular fluid oceurs during 1 year of continuous treatment, the late anti- 
hypertensive effects of chlorothiazide cannot be explained by the volume-depletion 


mechanism. 


HE discovery of the antihypertensive 

action of chlorothiazide’:? raised cer- 
tain questions as to its mechanism of action. 
These questions included (1) whether the 
hypotensive response was caused by salt de- 
pletion or by some independent factor; (2) 
if produced by salt loss, by what mechanism it 
reduced blood pressure; (3) the factors that 
lead to increased reactivity to other antihy- 
pertensive agents; and (4) the reason for 
the moderate antihypertensive action of the 
drug when used alone in hypertensive pa- 
tients and the absence of such activity in 
normotensive subjects.* * Complete answers to 
these questions cannot yet be given. This 
report concerns an attempt to elucidate some 
of the factors involved. 


MATERIALS AND METHODS 


Twenty male hypertensive patients with no 
symptoms or signs of congestive heart failure or 
edema were hospitalized and placed on a stand- 
ard diet containing 1.5 Gm. of salt per day plus 
a supplement of 3 Gm. of salt in tablet form. 
This supplied a sodium intake of approximately 
75> mEq. per day. Most of these patients were 
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under treatment with other antihypertensive agents 
(table 1), which were continued during the entire 
period of study. A 4-day period for acclimatiza- 
tion to the diet was instituted in order to obtair 
stabilization of body weight and electrolyte excre- 
tions as well as average basal blood pressure 
readings. Determinations of plasma and _ extra- 
cellular volumes, serum electrolyte concentrations, 
and serum bicarbonate were carried out on the 
morning of the fifth day. Each patient was then 
given 500 mg. of chlorothiazide twice daily, and 
the studies were repeated after a period of 3 to 
8 (average 6) days. 

In 11 patients carefully screened for reliability 
and conscientiousness in regard to taking their 
medications, studies were repeated at approxi- 
mately 6-month intervals for a period of 12 
months. Seven of these patients were hospitalized 
and placed on the controlled salt intake for 2 
to 3 days prior to repeating the determinations, 
while the remaining 4 were hospitalized for 1 day 
only because of their inability to take time out 
from work. Thus, dietary intake of salt cannot 
be regarded as well controlled in the long-term 
studies. At approximately 6 months following 
initiation of treatment the determinations of 
plasma and extracellular volumes in 7 patients 
were repeated. Chlorothiazide therapy was then 
discontiued for 1 week, after which another series 
of determinations were carried out. The patients 
remained hospitalized throughout this latter 
period. 

Plasma volume was determined in the fasting 
subject after one half hour of rest in the supine 
position with the Evans blue dye method of Gibson 
and Evans® adapted and modified for use in the 
Coleman spectrophotometer,® * 3 specimens being 
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TABLE 1.—Data Following Short-Term Therapy with Chlorothiazide. 


| chlorothiazide 
treatment 


medication 
(days) 


| Other 
| Period of 


—20/15 
—26/16 
—17/6 
—36/14 
—30/20 
—15/10 
~20/20 
—10/0 


Ss 


Reserpine 


Reserpine 
Reserpine 
Reserpine 
Reserpine 
Reserpine 
Reserpine 


Hematocrit 


Serum concentrations 
(mEq./L.) 
Cl K 


Thiocyanate 


space 
(L.) 





+5 





‘ 


0 


| 


to im & & 


| 
| 





Reserpine 
Reserpine 
Reserpine and 
Hydralazine 
Reserpine and 
Hydralazine 


—20/5 
—15/15 
—40/18 


Noaannns 


a 


—14/20 
Reserpine and —40/25 
Mecamylamine 
Reserpine and 
Mecamylamine 


—20/22 
Reserpine and —50/30 
Mecamylamine 
Reserpine and 
Mecamylamine 
Reserpine and | —30/10 
Chlorisondamine 

Reserpine and 6 10/10 
Chlorisondamine 

Reserpine and ¢ 10/25 
Chlorisondamine 

Reserpine, 25/15 
Hydralazine, 

Pentolinium 


—25/10 


Mean 
S. D. 


*p value less than .001. 


used at 10, 15, and 20 minutes for determining dye 
dilution. The hematocrit value was determined 
from the average of 6 samples drawn during the 
various experimental procedures. Eighteen milli- 
liters of 5 per cent sodium thiocyanate* were in- 
jected usually at the end of the plasma volume 
determinations and samples were drawn at 2 and 
3 hours for determination of thiocyanate space 
according to the method of Crandall and Ander- 
son® adapted to the Coleman spectrophotometer. 
Radiosulfate space was determined with §S*- 
labeled sulfate by the method of Walser.® Sodium 
and potassium were determined with a flame 


*Kindly supplied by Eli Lilly and Company, Indi- 
anapolis, Ind. 








photometer. Serum chloride was determined by 
the method of Schales and Schales!® and serum 
bicarbonate by a modification of the method of 
Van Slyke.!! 

All injectates were given in calibrated syringes; 
blood samples were drawn with minimal stasis. 
Blood pressure was determined by the ausculta- 
tory method before and after each experimental 
period. The patients were weighed prior to the 
procedures on a beam balance accurate to + 
250 Gm. 

The cumulative negative balances of sodium, 
potassium, and chloride during the first 3 to 4 
days of chlorothiazide treatment were estimated 
as follows: beginning 48 hours after institution of 
the diet 3 consecutive 24-hour collections of urine 
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Fig. 1. Relationship between change in body weight 
and in thiocyanate space following short-term treat- 
ment with chlorothiazide. 


were analyzed for total sodium, chloride, and 
potassium, and the average was taken as the con- 
trol level of exeretion. The cumulative elevations 
above this level during the first 3 to 4 days after 
chlorothiazide were then used to estimate electro- 
lvte losses. 

The effect of restoration of the plasma volume 
was determined in 7 patients who exhibited sig- 
nificant hypotensive responses to chlorothiazide. 
Each patient received 500 ml. of 6 per cent dex- 
tran in normal saline; and after several days the 
procedure was repeated with substitution of a 
similar volume of dextran in 5 per cent glucose 
in water. The infusion rate was approximately 
25 ml. per minute. Blood pressure and heart rate 
were determined repeatedly before and through- 
out the procedure and blood for hematocrit deter- 
minations was drawn immediately preceding and 
following each infusion. 


RESULTS 
Acute Effects of Chlorothiazide 


Following 3 to 8 (mean 6) days of chloro- 
thiazide therapy the plasma volume showed 
some reduction in all of 20 nonedematous 
hypertensive patients (table 1). The loss of 
plasma volume averaged 358 + 223 ml. and 
varied in different patients from insignifi- 
cant falls of less than 70 ml. to rather marked 
losses above 700 ml. The hematocrit reflected 
the plasma volume change in an approximate 
way by exhibiting slight to moderate eleva- 
tion. However, there was no close quantita- 
tive relationship between hematocrit and 
plasma volume changes. 








WILSON, FREIS 


TABLE 2.—Losses after Chlorothiazide 


Change after 





Chloro- Urinary losses, ___chlorothiazide 

thiazide cumulative negative Thiocyanate 

treatment balance (mEq.) space wt. 
Patient (days) Na cl K (L.) (Kg.) 
S. E. 3 224 392 209 —4.6 -5.4 
J. Bu. 4 301 489 181 —1.9 2.7 
N. M. 4 290 §=560 168 —2.4 3.3 
J. Z. 3 162 135 154 —3.9 —2.2 
as Ee q 216 268 4 — .7 —2.2 
E. W. 3 349 510 222 —3.4 —2.7 
Average 3.5 257* 392* 156.3* 2.8* 3.0* 
8. D. 68 163 71 1.4 13 


*p value less than .005. ned 

The thiocyanate space declined by more 
than 0.5 L. in all except 5 of the 20 cases 
(table 1). For the group as a whole the mean 
reduction was 2.1 + 1.75 L. Although the 
reductions of both plasma and available fiuid 
spaces were significant (p < .001), there was 
no consistent relationship between the degree 
of plasma volume and available fluid changes. 

Body weight decreased in 16 of the 20 
patients (mean 1.8 + 1.84 Kg.). The change 
in body weight was significant at the .001 
level. There appeared to be a rough correla- 
tion between the extent of change in body 
weight and in thiocyanate space (fig. 1). 
The blood pressure fell in all patients, the 
average change being —24/15 mm. Hg. The 
reduction occurred during the first 48 hours 
following institution of chlorothiazide. There 
was no quantitative correlation between the 
plasma volume and arterial pressure changes. 

The cumulative losses of body electrolytes 
(cumulative negative balance) by the end of 
the third to fourth day of chlorothiazide treat- 
ment averaged 257 + 68 mEq. of sodium, 392 
+ 163 mEq. of chloride, and 156 + 71 mEq. of 
potassium in 6 patients studied (table 2). 
All of these patients exhibited significant re- 
ductions in body weight and thiocyanate 
space. The correlation between the extent of 
body weight reduction and electrolyte losses 
was poor in this small series. However, the 
accuracy of 24-hour urine collections cannot 
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TABLE 3.—E ffects of Intravenous Infusion of Six Per Cent Dextran in Saline 
and of Salt-free Dextran 


After 
chloro- 
thiazide 
change 
mean B.P.* 


(%) 


Chloro- 
thiazide 
treatment 
(mos. ) 


Control 
P 


Patient (mm.Hg) 


J.H.t 1.0 
J.C.t 5 
C.8.t 3.0 
R.C.E 1.0 
W.F.t 1.0 
N.B.t 1.0 
J.Z.4 


Mean 


8.D. 


150/110 
180/110 
150/110 
180/108 
140/100 
145/95 

142/96 

155/104 


—16.2 
—22.9 
—13.0 
—30.4 
—11.3 
—12.5 
—10.9 
—16.7§ 
8.8 


1.4 


*«*Mean’’ blood pressure equals (systolic + diastolic) /2. 


7On no other antihypertensive drugs. 


“Mean B.P. 


415.48 


Following dextran infusion 
In 5 per cent 
glucose 
change 


In normal 
saline 
change 


Hematocrit ~ Mean B.P. 
(%) (%) 
+ 9.0 
+20.0 —12:0 
+10.0 —12.8 
+23.7 —12.6 
—13.6 +13.2 — 9.8 
— 8.8 +17.0 — 6.0 


— 5.0 ~ 


Hematocrit 
(%) 


— 5.8 


(%) 


+10.0 
+18.4 
+10.5 
+28.1 
+14.0 
+19.0 
+ 8.4 


— 3.2 
—11.4 
—12.1 
— 9.1 


— 9.0¢ 


+15.4¢ 


6.9 3.8 





tAlso receiving reserpine 0.25 mg. per day. C.S. also taking hydralazine 25 mg. t.i.d. 


§p value less than .005. 
tp value less than .001. 


be regarded as completely reliable, even in 
hospitalized patients. The changes in the 
serum concentrations of sodium and chloride 
were insignificant, but there was a small but 
significant decrease in potassium (tabie 1). 
The serum bicarbonate determined in 4 pa- 
tients showed essentially no change. 


Acute Restoration of Plasma Volume 


The effect of re-expansion of plasma 
volume on blood pressure was determined in 
7 patients who had been under continuous 
treatment with chlorothiazide for periods 
ranging from 2 weeks to 3 months (mean 
1.4 months). These patients had exhibited 
reductions of ‘‘mean’’ (systolic + diastolic) /2 
blood pressure averaging 17.0 + 9.0 mm. Hg 
(table 3). The administration of 6 per cent 
dextran in isotonic saline in 6 of these pa- 
tients resulted in an immediate elevation of 
blood pressure averaging 15.0 + 6.0 mm. Hg. 
The mean percentage fall in the hematocrit 
was 9.8 + 3.3 during the dextran infusion. 

In order to determine whether sodium ion 
was important in the reversal of the anti- 
hypertensive effect the infusions were re- 
peated after several days with 6 per cent 


dextran in 5 per cent glucose in water. In 7 
patients a significant elevation of blood pres- 
sure was observed ranging between 8 to 28 
mm. Hg (mean + 15.0 7.0 mm. He, 
(p < .005) The percentage fall of hemato- 
crit averaged 9.0 + 3.8. 


+ 


Effects of Long-Term Treatment with Chloro- 

thiazide 

Whereas the reductions in plasma volume, 
thiocyanate space, and body weight were 
significant during short-term therapy with 
chlorothiazide, this was not the case follow- 
ing long-term treatment. In 11 patients when 
these parameters were measured at the end 
of 6 months, only the reduction in thio- 
cyanate space remained significant (table 4). 
At the end of 1 year the change in thiocyanate 
space was no longer significant at the .05 
level. Despite this trend, however, the blood 
pressure changes, although not as marked at 
the end of 1 year as in the early stages of 
therapy, still showed significant reductions. 

In 9 patients after 1 to 3 months (average 
1.8 months) the extracellular fluid volume 
was estimated by means of 2 indicators (table 
5), thiocyanate and radiosulfate simultane- 





1032 


WILSON, FREIS 


TABLE 4.—Changes Initially after Six and Twelve Months 


Plasma volume 
(ml.) 


Patient 1 wk. 1 wk. 
J.We. —265 
J.Wr. —501 
CS. 741 
N.M. —783 
T.H. —8598 
S.E. —596 
IC. —363 


6 mo. 12 mo. 


+165 


—912 


—40/—18 
—26/—16 

14/—20 
—17/—6 
—168 —40/—25 
+ 58 —19 —25/—15 
-323 —402 —20/—22 
J.Br. —319 248 —534 30/—20 
J.Bu. 568 —164 —336 15/—10 
C.P. —177 51 — 51 —50/—30 
H.K. 66 56 20/—20 


_ 99 


— 42 
—201 
+ 74 
+110 


225 


+132 


—20/—20 
—20/—19 
—30/—20 
—20/—20 
—30/—20 
28/—15 
—15/—20 

-—30/—20 








—155¢ —27/18* 


Mean —452* —24/19* 


232 


S. D. 


212 «11.6/6.8 5.9/5 


*p value less than .001. 
Tp value less than .05. 
tp value less than .01. 


TABLE 5.—Comparative Changes in Extracellular Fluid Volume before and 
As Measured by Two Different Indicators 


Duration Thiocyanate space 
treatment (L.) 


Control Afterdrug Change 


Patient (mos. ) 


J.W. 
N.M. 
A.J. 
ak. 
S.E. 
J.Bu. 
J.Br. 
cae. 
H.K. 


25.4 2 

19.8 17. 
24.0 21. 
25.6 OF 

24.5 
19.0 
22.4 
18.9 
17.1 


21.8 


21.1 
18.2 
18.9 
16.3 
16.8 
Mean 19.9 
S.D. 


*p value less than .001. 
Tp value less than .05. 


ously, as an additional check on the validity 
of the change demonstrated with thiocyanate 
alone. Considerably more variation was ob- 
served with radiosulfate as the indicator. 
However, the average change for the group 
as a whole was similar with either thiocyanate 
or §*-labeled sulfate and the reduction in 
estimated extracellular space was still sig- 
nificant with either method. 

Chlorothiazide was withdrawn for a 1-week 


Blood pressure 


Body weight 
(Kg.) 


Thiocyanate space 


1 wk. 


—4.6 
>» 


6 mo. 
—1.1 
—6.0 
8.0 
+ 2 
+7.7 
—6.3 
+ 9 
+4.4 
+ 8 
4.3 
a 


12 mo. 

2.8 
—6.1 
—4.9 
—1.0 
+6.7 
+5.7 
+4.9 
+1.9 
—1.4 


7.0 


to w&w te 


os 
tn im im io to 4 
mim O Yt tp to 


—15 
‘_—20 


/—15 


rm) 


—18 


2.0f ; 1.0 


ae 


—18/13* - 


4.6 


after Chlorothiazidc 


Ss 
change 


(%) 


S*-labeled sulfate space Thiocyanate 
_ os _(L.)- a Ls change 
Control After drug Change (%) 


19.9 11.5 21 
14.1 
17.7 
19.6 
18.3 
14.4 
18.6 
15.8 
13.2 


15.7 
13.6 12 
17.3 10 
19.6 —2 

16.0 14 
13.2 11 
15.8 


16 
14.1 14 
12.4 


tn | Go “a Be te & 


15.3 


period in 8 patients after 3 to 7 (average 
5.4) months of contiuous treatment in order 
to evaluate the changes that might oceur fol- 
lowing discontinuation of long-term therapy 
(table 6). There was a prompt elevation of 
plasma volume averaging 241 + 100 ml., a 
rise in blood pressure (mean 23/15 + 8/9 
mm. Hg), and a gain in body weight aver- 
aging 1.6 + 1.3 Kg. All these changes were 
significant at the .01 level or less. The in- 
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TABLE 6.—Changes Following Discontinuation of Chlorothiazide 


Plasma volume Blood pressure Thiocyanate space Body weight 
Duration (ml.) : (mm. Hg) (L.) -_ (Kg.) _ 
treatment After Repeat Gain or After Repeat Gain or After Repeat Gainor After Repeat Gain or 
atient (mos.) chlor. control loss chlor. control loss chlor. control loss chlor. control loss 





We. 
|.Wr. 
‘S. 
Pm. 
S.E. 
IC. 
).Br. 
H.K. 


3720 3827 +107 170/100 200/120 +30/20 23. 269 +2.1 85.3 85.3 
3717 4106 +389 151/103 180/130 +29/27 26.4 25.4 —1.0 103.3 104 + 
3537 3871 +234 128/87 150/110 +422/23 19.6 20.7 41.1 73.0 74.3 +41 
3943 4152 +209 153/100 160/110 + 7/10 24.7 256 + .9 92 94.3 +2. 
3183 3525 +342 160/110 180/125 420/15 24.2 256 41.4 715 72.7 +1 
3340 3663 +323 170/100 200/110 +430/10 22.8 23.0 + .2 95.4 
3200 3350 +150 140/100 165/100 +25/0 18.9 22.4 43.5 80.3 
2931 3106 +175 130/90 150/110 +20/20 16.4 172 + .8 70 


ANN Ne 
iot bu o 


5.4 3446 3700 +241* 150/99 173/144 +23*/15f 21.5 23.4 +41.1 83.8 


*p value less than .001. 
Tp value less than .05. 


100.4 7.8/8.8 1.4 


crease in thiocyanate space averaged 1.1 + sodium depletion, specifically as to whether 
1.4 lL. The latter change was of questionable it represented reductions in intracellular 
significance (p < .06). stores or came from the extracellular fluid. 
As compared to pretreatment values it was The maintenance of normal serum sodium 
of interest that following discontinuation of levels indicated that the drug did not ex- 
the drug plasma volume increased 120 + 18 tract sodium from the extracellular water. 
ml. and thiocyanate space rose to 0.5 + 0.3 L. However, the extent of the depletion of ex- 
above the original, untreated level. These tracellular fluid volume indicated that the 
slight overshoots were not accompanied by majority if not all of the sodium removed 
parallel behavior of the blood pressure, the could be accounted for by an excretion of 
latter remaining —4/6 + 7/7 mm. Hg below isotonic, extracellular fluid. This is in keep- 
the pretreatment level. ing with the observations on other saluretic 
The changes in serum electrolyte concen- agents such as mereurials, which produce pri- 
trations and in serum bicarbonate were de- marily a_ reduction of extracellular fluid 
termined after 1 year of chlorothiazide volume. !* 
treatment in 11 patients (table 7). Serum Since the plasma volume is in equilibrium 
sodium concentrations were essentially un- with the interstitial fluids, it also shared in 
changed. Serum chloride levels decreased the general reduction of extracellular fluid 
slightly in most patients but increased slightly space. However, the relationship between 
in 2, the average change being 4.4 + 6.8 mEq. change in extracellular and plasma volumes 
There was a significant decline in serum po- is only approximate.'*® Because of the failure 
tassium concentrations. The mean reduction to find any evidence for significant cellular 
was 1.1 + 0.6 mEq. (p .001). The serum bi- losses of sodium, the question arose whether 
carbonate remained unchanged. the antihypertensive effect was related simply 
to the decrease in total circulating blood 
volume and to a reduction in tissue pressure 
In the present observations the reduction secondary to the extracellular fluid loss. 
of blood pressure paralleled the saluresis and Such an interpretation is supported by the 
did not precede or follow it. The saluretic observation of Crosley and his associates! 
effect was essentially complete in 48 hours. that right heart pressures and cardiac output 
The question arises as to the source of the are reduced by chlorothiazide. Preliminary 


Discussion 
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TABLE 7.—Changes Following One Year of 


Treatment with Chlorothiazide 


Change in mEq. 


Patient "Na Cl K CO: 
J.We -3 4 38 i 
J.Wr. 1 i2 od 1.6 
C.S. 0 9 6 2.0 
N.M. 1 9 A + 4.58 
7.0. +2 11 1.1 +3.1 
S.E. 0 8 15 +3.2 
J.C. 4 1 at + 2.0 
J.Bu. 5 + 9 Lz 3.0 
J.Br. l 3 - 4 1.0 
C.P. t +5 2.1 4.0 
H.K. 0 5 1.0 +1.0 
Mean : 1.5 - 4.4* - 95T + 2 
S.D. 2.5 6.8 6 »9 


*p value less than .05. 


Tp value less than .001. 


results in this laboratory tend to confirm 
these observations. Dustan and her co-work- 
ers also found a reduction in cardiac out- 
put following chlorothiazide. 

If the antihypertensive effects of chloro- 
thiazide were due to a change in intracellular 
sodium concentration producing a decrease 
either in arteriolar tone or a dehydration 
of ‘‘waterlogged’’ arterioles,’® the hemody- 
namie effects should be reflected in a reduc- 
tion of total peripheral resistance rather 
than a fall in eardiae filling pressures and 
output.. The latter findings, however, are 
readily explained by the decreases in plasma 
and extracellular fluid volumes. It is of in- 
terest that the normotensive individual com- 
pensates so that the basal blood pressure is 
not lowered, whereas this compensation seems 
to be deficient in hypertensive patients.*: 4 
Whether such failure of homeostasis is due 
to a decreased responsiveness of the barore- 
ceptors or to other factors cannot be deter- 
mined on the basis of present evidence. 

The importance of the plasma volume 
change in the mechanism of the antihyper- 
tensive effect was indicated by the fact that 
restoration of plasma volume either with or 
without any replenishment of sodium re- 
stored the blood pressure to essentially pre- 
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treatment levels. The lack of a quantitativ 
relationship between the decrease in plasm 
volume and the fall of blood pressure ear 
be explained on the basis of variations ii 
the activity of compensatory mechanisms in 
cluding the baroreceptor reflexes, and in 
trinsic vascular distensibility in differen 
individuals. This variability was furthe: 
enhanced by the fact that some of the patients 
were taking ganglion-blocking drugs an 
others were not. 

These conclusions on the importance of 
oligemia in the mechanism of the antihyper 
tensive action of chlorothiazide confirm ou 
initial findings* and are similar to those ex. 
pressed by Dustan, Tapia, and associates.'®: '* 
They propose that the oligemia enhances 
vasomotor ‘‘tone’’ which in turn makes the 
patient more responsive to ganglion-blocking 
agents. However, the observation that the 
hypertensive patient often shows some reduc- 
tion of blood pressure with chlorothiazide alone 
whereas the normotensive subject does not* + 
suggests that the compensatory mechanisms 
for plasma volume depletion often are in- 
adequate in hypertension. Also, the decreased 
responsiveness to norepinephrine following 
chlorothiazide'*: 1° in normotensive subjects 
is not readily explained on the basis of in- 
creased vasomotor tone alone, and suggests 
that reactivity is dependent to some extent 
on the degree of filling of the vascular system. 

The failure to observe a significant reduc- 
tion of plasma volume after 6 to 12 months 
of treatment reflects either tolerance to the 
saluretic effects of the drug or the establish- 
ment of compensatory mechanisms for res- 
toration of homeostasis. Compensatory mech- 
anisms become active after the first 48 hours 
of treatment when the output of sodium 
comes back into balance with the intake. 
However, in the first month of treatment the 
depletion achieved during the initial salure- 
sis is maintained and only gradually, there- 
after, is the plasma volume deficit made up. 

Other investigators have postulated that 
chlorothiazide may have antihypertensive 
effects additional to its saluretic action,* This 
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s based on the observation that the blood 
yressure remains below pretreatment levels 
ifter the body weight has been restored. It 
should be pointed out, however, that disap- 
pearance of acute drug effects without return 
‘0 pretreatment levels of blood pressure is 
not unique for chlorothiazide. For example, 
the acute hemodynamic effects of hydralazine, 
«haraecterized by tachycardia and palpitation 
reflecting an increase in cardiac output, gen- 
erally disappear with long-term treatment. 
Similarly, the manifestations of ganglionic 
blockade such as impaired visual accommoda- 
tion, dry mouth, and postural hypotension 
often diminish with long-continued therapy 
even though basal arterial pressure remains 
below the pretreatment level. The observations 
of Perry and Schroeder? indicate that vigor- 
ous treatment to obtain a continuous and pro- 
longed reduction of arterial pressure, often 
modifies the severity of the hypertension, so 
that less intensive or no further treatment 
is required. Thus, after long-term therapy 
many factors, such as tolerance, cOmpensa- 
tory reactions, and modification of the basal 
level of blood pressure, come into play to 
obseure the initial relationship between drug 
action and antihypertensive effect. It does 
not seem possible to draw valid conclusions 
concerning the antihypertensive activity of 
a drug at this late stage, especially if the 
effects of drug withdrawal are not deter- 
mined. 
SUMMARY AND CONCLUSIONS 


Plasma and extracellular fluid volumes, 
serum electrolyte concentrations, arterial 
pressure, body weight, and electrolyte excre- 
tions were determined in hypertensive pa- 
tients treated with chlorothiazide. 

Plasma and extracellular fluid volumes 
decreased promptly during the early phases 
of treatment. This was accompanied by a re- 
duction of arterial pressure and body weight. 
Sodium losses could be accounted for on the 
basis of extracellular fluid volume depletion. 
Restoration of plasma volume either with or 
without partial replenishment of sodium 
reversed the antihypertensive effect of chloro- 
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thiazide. Withdrawal of chlorothiazide after 
3 to 7 months of treatment was followed by 
an elevation of plasma volume usually to 
levels slightly above the control. Blood pres- 
sure rose to levels slightly below the control. 

Significant reductions of plasma volume 
and body weight were not found after 6 
months and of extracellular fluid volume after 
12 months of therapy even though the blood 
pressure remained reduced. However, the 
latter may not be a valid criterion of drug 
activity following long-term modification of 
the blood pressure level. The only significant 
change in serum electrolyte concentration 
was a reduction in serum potassium. Serum 
bicarbonate leyels were not altered. 

On the basis of this and other evidence 
discussed it is suggested that the decrease in 
plasma volume is an important factor pro- 
ducing the initial antihypertensive effect. Re- 
duction in tissue pressure secondary to extra- 
cellular fluid volume depletion also could 
contribute to this response. 


SUMMARIO IN INTERLINGUA 


Le volumines del plasma e del liquido 
extracellular, le concentrationes del electro- 


lytos in le sero, le tension arterial, le peso 
corporee, e le excretion de electrolytos esseva 
determinate in patientes hypertensive sub- 
tractamento con chlorothiazido. 

Le volumines de plasma e de liquido extra- 
cellular descendeva promptemente durante le 
phases initial del tractamento. Isto esseva 
accompaniate per un reduction del tension 
arterial e del peso corporee. Le perditas de 
natrium esseva explicabile super le base del 
depletion del volumine de liquido extracellu- 
lar. Le restauration del plasma, tanto con 
como etiam sin le restitution partial de nat- 
rium reverteva le effecto antihypertensive de 
chlorothiazide. Le privation de chlorothiazido 
post 3 a 7 menses de tractamento esseva se- 
quite per un elevation del volumine del plas- 
ma, usualmente usque a nivellos levemente 
supra le nivellos de controlo. Le tension del 
sanguine montava usque a nivellos levemente 
infra le nivellos de controlo. 
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Significative reductiones del volumine del 
plasma e del peso corporee non esseva con- 
statate post 6 menses de therapia, e simile- 
mente nulle significative reductiones del vol- 
umine del liquido extracellular esseva con- 
statate post 12 menses de therapia ben que 
le tension de sanguine remaneva reducite. 
Tamen, iste ultime facto es possibilemente 
invalide come criterio del activitate del droga 
post un prolongate modification del nivello 
del tension de sanguine. Le sol significative 
alteration in le concentration de electrolytos 
in le sero esseva un reduction del contento de 
kalium. Le nivellos de bicarbonato in le sero 
non esseva alterate. 

Super le base de iste e altere observationes 
diseutite in le presente reporto, le these es 
formulate que le reduction del volumine del 
plasma es un importante factor in le produc- 
tion del effecto antihypertensive initial. Le 
reduction del pression del histos que seque 
le depletion del volumine de liquido extracel- 
lular es etiam possibilemente un contributor 
a ille responsa. 
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Evaluation of Chlorothiazide Alone in the Treatment of 
Moderately Severe and Severe Hypertension 


By Frank A. Finnerty, Jr., M.D., Joacuim H. Bucnnouz, M.D., 
JOHN TucKMAN, M.D., Greorae T. Hagsar, M.D., AND 
GioriA DECarRLO Massaro, M.D. 


The effectiveness of alternate 6-month courses of chlorothiazide alone with standard 
antihypertensive therapy is compared in 11 patients with severe hypertension and 30 
patients with moderately severe hypertension. These results are then compared with those 
of a 6-month combined treatment period when the patients received both chlorothiazide 


and standard antihypertensive therapy. 


LTHOUGH studies in many clinics have 
A demonstrated the potentiation of anti- 
\ypertensive agents by chlorothiazide,} its 
value alone in patients with moderately severe 
and severe hypertension has not been estab- 
lished. This investigation was designed to 
compare the effectiveness of alternate 6-month 
courses of chlorothiazide alone with standard 
antihypertensive therapy, and to compare the 
results of these periods with those of a 6- 
month combined treatment period when pa- 
tients received both chlorothiazide plus stand- 
ard antihypertensive therapy. 


METHODS AND MATERIALS 


Forty-one patients were chosen from the Hyper- 
tensive Clinie of the District of Columbia Gen- 
eral Hospital, 11 with severe hypertension and 
30 with moderately severe hypertension. The per- 
tinent data are presented in tables 1 and 2. 

Experimental Plan. Fach patient was followed 
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through 4 study periods. A 1-month no treatment 
period, a 6-month chlorothiazide period, a 6- 
month standard therapy period, and a 6-month 
combined therapy period. The only indication for 
not strictly adhering to this experimental plan 
was the presence of fulminating disease in some 
of the patients with severe hypertension that ne- 
cessitated the addition of further therapy. In or- 
der to avoid the influence of climate, one half the 
patients of each group were started on the chloro- 
thiazide period during the summer months and the 
other half during the winter months. 

During the “no treatment period” and during 
the first 2 months of each of the other treatment 
periods the patients visited the clinie weekly. Dur- 
ing the remainder of the study clinic visits were 
biweekly. At the beginning of the study all the 
patients underwent the routine clinical and lab- 
oratory studies, including a complete history and 
physical examination, urinalysis, blood urea nitro- 
gen determination, electrocardiogram, and chest 
roentgenogram. These laboratory procedures were 
repeated during each study period. 

The dose of chlorothiazide (Diuril) was 1 Gm. 
a day (500 mg. twice a day) in all patients. The 
patients were allowed to eat a regular diet; sup- 
plemental potassium was not administered. During 
the period of standard therapy the patients with 
severe hypertension received mecamylamine (In- 
versine) and reserpine (Harmonyl). The daily 
dose of reserpine was 0.25 mg. The dose of meca- 
mylamine was individualized and ranged between 
15 and 36 mg. per day. During the period of stand- 
ard therapy the patients with moderately severe 
hypertension received veratrum (Veriloid) and 
reserpine (15 patients) or hydralazine (Apreso- 
line) plus reserpine (15 patients). The dose of 
reserpine was 0.25 mg. The dose of veratrum 
ranged between 9 and 16 mg. per day and the dose 
of hydralazine ranged between 200 and 300 mg. 
per day. 
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TABLE 1,.—Severe Hypertensive Group 
(11 patients, 82 and 32 ) 


Average Age—45 years (34-66) 
Duration of hypertension—6 years 
(7 mos.-16 yrs.) 


Mean arterial pressure—170 + 26.4 mm. Ilg 
BUN—24 mg. per cent (9-35) 


Fundi Grade IIT (8 pts.) 
Grade IV (3 pts.) 


X-ray Large heart (10 pts.) 
Minimal eong. failure (3 pts.—controlled 
by digitalis) 


ECG Left ventricular hypertrophy (9 pts.) 


Soon after the beginning of the combined treat- 
ment period it was necessary to reduce the dose of 
mecamylamine in the patients with severe hyper- 
tension by one third to one half in order to avoid 
severe postural hypotension. If the level of arte- 
rial pressure did not increase following such a 
reduction in dosage an attempt was then made to 
substitute veratrum or hydralazine for the gan- 
glionie-blocking agents. Similarly, in the patients 
with moderately severe hypertension chlorothiazide 
necessitated a reduction of dosage of both vera- 
trum and hydralazine. If the level of arterial pres- 
sure did not increase in these patients, an attempt 
was made to discontinue hydralazine and veratrum. 


RESULTS 
Severe Group 

Standard Therapy vs. Chlorothiazide Ther- 
apy. The results of the first part of this 
study are shown in table 3. A 9-per cent 
reduction in mean arterial pressure (MAP) 
resulted from both chlorothiazide and meca- 
mylamine plus reserpine in 5 patients. In 
an additional 3 patients a 10-mm. reduction 
in mean arterial pressure occurred under 
chlorothiazide therapy. Despite the moderate 
reduction in mean arterial pressure in both 
groups there was no significant change in the 
severity of the vascular disease, e.g., fundi, 
heart, kidneys. A rising arterial pressure and 
the development of fresh retinal hemorrhages 
necessitated the addition of chlorothiazide to 
ganglionic-blocking therapy at the end of 2 
months in 3 patients. 

Combination Therapy. The data resulting 
from the addition of chlorothiazide to standard 
therapy are outlined in table 4. During the 
first 2 months of this period the dose of meca- 


TABLE 2.—Moderate Hypertensive Group 


Average Age—48 years (36-62) 
M.A.P.—160 + 21.6 mm. Hg 
BUN-—14 mg. per cent (9-26) 


Fundi Grade II (all patients) 


X-ray Enlarged heart (16 pts.) 
Minimal cong. failure (3 pts.—controlle: 
by digitalis ) 


Normal—11 pts. 

Old infaretion—2 pts. 
Bundle-braneh block—3 pts. 
LV H—14 pts. 


mylamine could be reduced by one half in 
all but 2 patients. Such combination therapy 
resulted in a 16-per cent reduction in mean 
arterial pressure below the no treatment level 
and a 7-per cent reduction below the lowest 
previous level. More important, however, was 
the reversal of papilledema in 3 patients, 
clearing of hemorrhages and exudates in 5 
patients, and a decrease in heart size in 5 
patients. 

At the end of the fourth month of this 
period hydralazine in a daily dose of 300 mg. 
and veratrum in a daily dose of 9 mg. could 
be substituted for mecamylamine in 7 and 3 
patients respectively. The excellent therapeu- 
tic results continue in these patients at the 
present time (5 months follow-up). Continued 
use of mecamylamine was necessary in 1 
patient. 

Moderately Severe Group 

Standard Therapy vs. Chlorothiazide Ther- 
apy. The data from the chlorothiazide period 
are compared with those from the standard 
treatment period in table 5 where it can be 
noted that a comparable reduction in average 
arterial pressure occurred in both groups. 
Further analysis of these data shows that 
more than a 20-mm. reduction in mean ar- 
terial pressure followed both chlorothiazide 
alone and standard therapy in 13 patients, 
followed standard therapy alone in 4 pa- 
tients, and followed chlorothiazide therapy 
alone in 2 patients. Expressed in a different 
way, it can be stated that standard therapy 
was successful in 17 patients (13 plus 4) 
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TABLE 3.—Severe Hypertensive Group—11 Patients 


Chlorothia 
(1 Gm./da 


No treatment—1 mo. 


lean 
arterial 
pressure 


170 + 26.4 mm. Hg 153 + 1%. 


Grade III—8 pts. 


andi Grade IV —3 pts. No change 





ray 


Enlarged heart—10 pts. 


ong. 


po Minimal 


3 pts. 


CG 1. V H—9 pts. 


sUN 24 mg. per cent (9-35) 





Mecamylamine 


Chlorothiazide—6 mos. 


(1 Gm./day) 


+ Reserpi 
(15-36 mg 


lose 


Mean 
arterial 
pressure 


153 + 17.3 mm. Hg (99%) 15.5 + 19 


Fundi No change 


Further enlargement of 
heart—1 pt. 


; Kurther e1 
X-ray 


Cong. 


igs Less—2 pts. No change 
failure 


*By fourth month 300 mg. hydralazine 
mecamylamine in 10 of 11 patients. 


and chlorothiazide was successful in 15 pa- 
tients (13 plus 2) o 


= 


r 50 per cent of the pa- 
tients with moderately severe hypertension. 
Combined Treatment Period. The data re- 
sulting from the addition of chlorothiazide 
to standard treatment in the 30 patients with 
moderately severe hypertension are presented 
in table 6. The addition of chlorothiazide to 
either veratrum or hydralazine resulted in 
a 17-per cent reduction in mean arterial pres- 
sure as compared to the no treatment level 
and an 8-per cent reduction in mean arterial 
pressure below the lowest previous treatment 
level. In each patient the addition of chloro- 
thiazide resulted in more than a 10-mm. re- 
duction in mean arterial pressure below the 
lowest previous level. Such combination ther- 


“Further enlargement of _ 
heart—1 pt. 


Less—2 pts. 
Less—L V H—3 pts. 


No change 


0.25 mg./day ) 


No change 


heart—2 pts. 


. Mecamylamine 

zide—6 mos. : 5 
+ Reserpine—6 mos. 

(15-36 mg./day + 0.25 mg./day ) 


y) 


3mm. Hg (9%V) 155 + 19.3 mm. Hg (9%V) 


No change 


Further enlargement of 7 
heart—2 pts._ 
No change 
No change 


No change 


Mecamylamine* + Reserpine 
+ Chlorothiazide—6 mos. 
(5-15 mg./day + 0.25 mg./day 
+ 1 gm./day) 


ne—6 mos. 


./day + 


2 


mm. Hg (9%) 143 + 17.6 mm. Hg (16%) 


Grade IV >II—3 pts. 
Grade ITI>II—5 pts. 


ilargement of 


Decrease in heart size—d) pts. 


> 


Only satisfactory therapy—3 pts. 


or 9 mg. veratrum could be substituted for 


apy also resulted in complete clearance of 
congestive heart failure present in 3 patients. 
The addition of permitted 
reduction in the dosage of hydralazine in 12 
of 15 patients and a reduction in dosage of 
veratrum in 13 of 15 patients. During the last 
2 months of the combined treatment period it 
was possible to discontinue hydralazine in 10 
patients and veratrum in 13 patients, chloro- 
thiazide plus reserpine serving as the sole anti- 
hypertensive agents. The excellent therapeutic 
results continue in these patients at the pres- 
ent time (5 months follow-up). 


chlorothiazide 


Discussion 
Neither chlorothiazide alone nor ganglionic- 
blocking agents plus reserpine represented 
effective treatment in the patients with severe 
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Veratrum—15 pts. 
+ Reserpine (6 mos.) 
or Hydralazine—15 pts. 


Chlorothiazide—6 mos. 


TABLE 5.—Moderate Hypertensive Group—30 Patients 


Veratrum*—15 pts. or Hydra- 
lazine* (15 pts.) 

+ Reserpine + Chlorothiazide 
—6 mos. 





Veratrum—9-16 mg./day 
Hydralazine—200-300 mg./day 


Dose 1 Gm./day 


Reserpine—0.25 mg./day 


Mean 
arterial 
pressure 


143 + 21.5 mm. Hg (9%) 


*p 


respectively. 


hypertension presented here. The inability of 
ganglionic-blocking agents to control the 
accelerated phase of hypertension was not 
in keeping with prior experience in this 
clinic. Although toxic reactions were frequent 
with ganglionic-blocking agents, the acceler- 
ated phase of hypertension could usually be 
reversed. The poor results obtained in the 
patients presented here must be interpreted 
as indicating fulminating vascular disease. 
It was noteworthy, therefore, that the addi- 
tion of chlorothiazide to ganglionic-blocking 
agents plus reserpine produced excellent re- 
sults in all these patients. It would seem, 
therefore, that in the absence of uremia, such 
combination therapy should be instituted 
promptly when the accelerated phase of hy- 
pertension is present. Time need not be 
wasted in administering either drug sepa- 
rately. 

The potentiation of the antihypertensive 
properties of mecamylamine by chlorothia- 
zide made it necessary to reduce the dosage 
of mecamylamine to avoid severe postural hy- 
potension. Although the reduced dose of meeca- 
mylamine avoided postural hypotension, unde- 
sirable side effects such as blurred vision, 
fatigue, and impotency still remained. It was 
noteworthy that when the accelerated phase of 
hypertension had been halted, i.e., papilledema 
had cleared, flame-shaped hemorrhages re- 
gressed, and the level of arterial pressure had 
been lowered, hydralazine or veratrum could 
be successfully substituted for mecamylamine. 

It must be admitted that the continued good 


145 + 16.4 mm. Hg (9%V) 


$y fourth month veratrum and hydralazine could be discontinued in 10 and 13 patients 





Veratrum—6-9 mg./day 
Hydralazine—100-200 mg./day 
Reserpine—0.25 mg./day 
Chlorothiazide—1 Gm./day 


132 + 17.3 mm. Hg (17%V) 


therapeutic response noted when these latte: 
agents were substituted for ganglionic-block- 
ing agents might not have been entirely due 
to these drugs. Studies in this laboratory have 
shown that acute reduction of arterial pres- 
sure with any agent in patients in an acceler- 
ated phase of hypertension has frequently 
been associated with a long period of hypo- 
tension, longer than can be accounted for 
by the action of the drug itself. Following 
acute therapy the arterial pressure frequently 
does not return to control levels for 6 to 8 
weeks. Similarly, clinical experience attests 
to prolonged periods of hypotension follow- 
ing an acute insult to the circulation such 
as myocardial infarction or a cerebral vascu- 
lar accident. It is as though a cycle has been 
interrupted or the barostat of arterial pres- 
sure has been set at a lower level. Whatever 
the reason for the continued good response 
in the patients presented here, long-term 
ganglionic-blocking therapy was seldom in- 
dicated. Reserving ganglionic-blocking ther- 
apy for the short-term treatment of the ac- 
celerated phase of hypertension will not only 
free the patient from uncomfortable side ef- 


fects but will also insure sensitivity to gan- 
glionic-blocking agents that may be life-saving 
at a later date. 


Although chlorothiazide alone has no place 
in the treatment of severe hypertension, one 
might argue from the studies presented here 
that it is as effective as veratrum plus reser- 
pine or hydralazine plus reserpine in patients 
with moderately severe hypertension. Its ease 
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TABLE 6.—Moderate Hypertensive Group—30 Patients 


Dose No treatment—1 mo. 


Chlorothiazide—6 mos. 
(1 Gm./day ) 


Veratrum (15 pts.) or Hydralazine 
(15 pts.) + Reserpine (6 Mos.) 
(Veratrum—9-16 mg./day) 
(Hydralazine—200-300 mg./day) 
(Reserpine—0.25 mg./day ) 





Mean 
arterial 
pressure 


160 + 21.6 mm. Hg 


Fundi Grade II—30 pts. 


Cong. 


> Minimal—2 pts. 
failure 


143 + 21.5 mm. Hg (9%V) 


II>III—1 pt. 


Development of failure—1 pt. 


145 + 16.4 mm. Hg (9%V) 


II>III—2 pts. 


Increase in failure—3 pts. 





X-ray Enlarged heart—16 pts. 


Normal—11 pts. 

Old infaretion—2 pts. 

Bundle-branch block—3 pts. 
L V H—15 pts. 


AVG 14 mg. per cent (9-26) 


ECG 
BUN 


of administration—no need for individual ti- 
tration of dosage, the almost complete absence 
of side effects, and the lack of drug resistance 
seem to make chlorothiazide the drug of choice 
in this regard. Since chlorothiazide alone was 
effective in only one half of the patients with 
moderately severe hypertension and, since the 
combination of chlorothiazide plus hydrala- 
zine or veratrum was effective in all of the pa- 
tients with moderately severe hypertension, 
there would seem to be no indication to admin- 
ister these agents separately. The potentiation 
of the antihypertensive properties of vera- 
trum and hydralazine by chlorothiazide en- 
ables lower doses of these agents to be used, 
thus practically doing away with side effects. 

Past experience with both hydralazine and 
particularly veratrum attests to the frequent 
development of drug resistance when these 
agents are used for long periods of time. It 
is important, therefore, that once a hypoten- 
sive effect had been attained with veratrum or 
hydralazine in the patients with moderately 
severe hypertension that these agents could be 
withdrawn and antihypertensive therapy con- 
tinued with reserpine plus chlorothiazide. 
Again it might be argued that the continued 
good therapeutic effect in these patients was 
not a direct consequence of chlorothiazide plus 


Less L V H 


Increase 20 mg. %—1 pt. 


Decrease in cardiac size—5 pts. Decrease in cardiae size—1 pt. 


Development L V H—2 pts. 


3 pts. Less L V H—1 pt. 


Subendocardial ischemia—2 pts. 


Increase 15 mg. %—1 pt. 


reserpine but merely represented a quiescent 
phase of the hypertensive state. Those who 
think that reserpine administered by mouth 
possesses no antihypertensive properties would 
probably choose this latter interpretation. 

It is suggested from these studies that the 
choice of the antihypertensive agent should 
change with the severity of the hypertensive 
state. Whereas ganglionic-blocking agents 
plus chlorothiazide are needed to control the 
accelerated phase of hypertension initially, 
once this phase has been controlled, less potent 
therapy may be substituted. It seems useful 
in this regard to divide antihypertensive ther- 
apy into 2 phases: initial and maintenance. 
Initial therapy in the accelerated phase of 
hypertension should include ganglionic-block- 
ing agents, chlorothiazide, and reserpine. Fol- 
lowing control of the accelerated phase (clear- 
ing of papilledema and retinal hemorrhages) 
veratrum or apresoline may be substituted 
for the ganglionic-blocking agents. In patients 
with moderately severe hypertension initial 
therapy consists of veratrum or apresoline 
plus chlorothiazide plus reserpine. Long-term 
maintenance therapy, which may be insti- 
tuted when the arterial pressure has been sta- 
bilized for 2 or 3 months, consists of chloro- 
thiazide plus reserpine. 
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SUMMARY 

Neither chlorothiazide alone nor ganglionic- 
blocking agents plus reserpine represented 
effective treatment in the 11 patients with se- 
vere hypertension studied here. The addition 
of chlorothiazide to ganglionic-blocking agents 
plus reserpine reversed the accelerated phase 
of hypertension in each of these patients. 
Once papilledema had cleared and _ retinal 
hemorrhages had regressed, it was possible to 
substitute hydralazine or veratrum for the 
ganglionie-blocking agents in these patients. 

Chlorothiazide alone and veratrum or hy- 
dralazine plus reserpine were both found ef- 
fective in controlling 50 per cent of the pa- 
tients with moderately severe hypertension. 
The addition of chlorothiazide to either of 
these agents resulted in satisfactory control of 
the arterial pressure in all the patients with 
moderately severe hypertension. Once a hy- 
potensive effect had been attained with vera- 
trum or hydralazine, these agents could be 
withdrawn and antihypertensive therapy con- 
tinued with reserpine plus chlorothiazide. 


SUMMARIO IN INTERLINGUA 


Ni chlorothiazido sol ni agentes de blocage 
ganglionic in combination con reserpina es- 
seva efficace como medication in le 11 patientes 
con sever hypertension qui es hie studiate. Le 
addition de chlorothiazido a agentes de blocage 
ganglionic. e reserpina reverteva le phase ac- 


celerate de hypertension in omne iste patien- 
tes. Post que le papilledema se habeva resol- 
vite e post que le hemorrhagias retinal habeva 
regredite, il esseva possibile in iste patientes 
reimplaciar le agentes de blocage ganglionic 
per hydralazina o veratrum. 

Chlorothiazido sol e veratrum o hydrala- 
zina in combination con reserpina se mon- 
strava ambes efficace in le stabilisation del 
processo pathologic de 50 pro cento del pa- 
tientes con hypertension de grados moderate- 
mente sever. Le addition de chlorothiazido a 
iste agentes individual resultava in un satis- 
facente stabilisation del tension arterial in 
omne le patientes con hypertension de grados 
moderatemente sever. Post que un effecto 
hypotensive habeva essite establite per medio 
de veratrum o hydralazina, iste agentes po- 
teva esser eliminate, e le therapia antihyper- 
tensive poteva esser continuate con reserpina 
in combination con chlorothiazido. 
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Hence it sometimes happens that, when the lumen of some artery has been too long 
obstructed or ligated, the blood busies itself in opening a wider channel for its passage 
in this vessel, must drive and buffet all the more into the next ones, until it has eon- 
siderably dilated them to give itself room.—Ricuarp Lower, Tractatus de Corde, 1669. 





A Hydrostatic Pressure Stocking for the Treatment 
of Ulcers due to Chronic Venous Insufficiency 


By J. Epwin Woop, M.D. 


Chroni¢ venous insufficiency may be complicated by ulceration of the skin of the involved 
extremity. The ulcers appear to be caused by the prolonged elevation of venous pressure 
in the leg and the resultant edema. A device is described that counterbalances exactly 
the elevated pressure in the veins of the leg, regardless of the position of the patient. 
This hydrostatic pressure stocking prevents formation of edema without interfering 


with the flow of blood through the tissues. 


The use of this device in the treatment of 


ulcers due to chronic venous insufficiency is also described. 


HRONIC venous insufficiency! is a rela- 
tively common? syndrome that is caused 
by sustained: elevation of the pressure in the 
veins of the dependent lower extremity. This 
high mean venous pressure results from in- 
adequate closure of the valves in the veins 
during exercise of the muscles of the leg, 
especially if some of the venous channels 
are obstructed due to previous thrombophlebi- 
tis.-7 The high venous pressure is associated 
with an abnormally high capillary pressure, 
which is responsible in turn for the formation 
of edema in the tissues of the extremity. 

The skin overlying these edematous areas 
may break down either following a minor 
injury or without apparent cause. Subse- 
quently these small breaks in the skin tend 
to become large superficial ulcers. The ques- 
tion then arises as to whether the edema per 
se causes these ulcers by direct mechanical 
destruction of tissue or by separation of liv- 
ing cells from their immediate blood sup- 
ply.*}® Alternatively, the primary cause of 
the ulceration may be infarction of the skin 
due to diminished flow of blood. A decrease 
in the flow of blood would presumably occur 
in the absence of proper functioning of the 
venous valves, which allow a contracting 
skeletal muscle to propel blood out of the 
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veins of the leg. A further momentary re- 
duction of blood flow and an increase in 
tissue pressure as well might occur with the 
sudden rise of venous pressure caused by 
coughing or the Valsalva maneuver.® 

Uleers due to venous insufficiency will 
eventually heal with prolonged continuous 
bed rest and elevation of the involved ex- 
tremity. The essential effect of this therapy 
appears to be one of marked lowering of 
venous pressure in the legs and consequent 
dissipation of the edema. Such results sug- 
gest that a patient might avoid hospitaliza- 
tion if it were possible to prevent the forma- 
tion of edema by maintaining very low local 
transmural venous and capillary pressures 
by adequate but not excessive external com- 
pression of the extremity. Excessive external 
compression would reduce transmural arterial 
pressure without a further reduction of trans- 
mural venous pressure,!® thus diminishing 
the arterial-to-venous pressure gradient and 
reducing the volume of blood flowing through 
the tissues. Therefore, the pressure to be 
counterbalanced within the veins of the leg 
would be equal to that of a vertical column 
of blood (or for practical purposes, water) 
between any given point on the leg and the 
level of the right atrium, regardless of the 
position of the patient.1! It is the purpose 
of this communication to describe a device 
that has been designed to produce counter- 
pressure upon the extremity in just this 
manner. The use of this device in the treat- 
ment of ulcers due to chronic venous insuffi- 
ciency is also described. 
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Fic. 1. Lateral view of patient wearing hydrostatic 
pressure stocking. 


MeEtTHOoDS 


The primary component of the device* for com- 
pressing the leg was a knee-length, toeless stock- 
ing made of Nylon-cotton cloth. This stocking 
could be opened anteriorly with a zipper. It was 
fitted with laces along the lateral side to allow ad- 
justment of its size. The size could also be ad- 
justed across the dorsum of the foot. A watertight 
bladder was incorporated into the medial surface 
of the stocking. This bladder extended from the 
knee to a point just below the medial malleolus, 
and from the midline anteriorly to the midline 
posteriorly of the leg. A second smaller bladder 
was attached to the bladder in the stocking with 2 
flexible rubber tubes 3 feet in length. There was 
an opening in the smaller bladder which was used 
to fill the entire system with 750 ml. of water. 
After the air was removed from the system this 
opening was closed. There were no valves in the 
system and the water could flow through the tubes 
from one bladder to the other. A strap was at- 


*Manufactured by the David Clark Company, 
Worcester, Mass. 
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tached to the smaller bladder so that it could be 
suspended beneath the axilla (fig. 1). 

Pressures were measured beneath the hydrostatic 
pressure stocking from a 3-by-1.5 em., flat, water- 
filled, plastic capsule that had been placed between 
the skin and the stocking. This capsule was at- 
tached to a rigid plastie tube leading to a Statham 
P23D strain gage. Records were obtained with a 
Sanborn direct-writing oscillograph. Pressures 
were measured with the subject in the recumbent, 
sitting, and standing positions. Twelve points were 
used for these measurements in 3 subjects. These 
points were at the top, middle, and lower aspects 
of the leg anteriorly, posteriorly, laterally, and 
medially. The data are reported in terms of the 
difference between the observed and the predicted 
pressures. Pressures were predicted on the basis 
of the vertical distance between the capsule and 
the level of the center of the bladder in the axilla. 

The hydrostatic pressure stocking was used as 
a sole means of therapy for 10 ambulatory pa- 
tients with leg uleers due to chronie venous in- 
sufficiency. The uleer was covered with a sterile 
dressing held in place with gauze and adhesive 
tape. <A knee-length elastic stocking was worn 
over this dressing, then the hydrostatic pressure 
stocking was placed on the leg and the smaller 
bladder was strapped beneath the axilla. The pa- 
tient was instructed to wear the hydrostatic pres- 
sure stocking from the time that he got up in the 
morning until he retired at night. Some of the 
female patients wore an opaque cotton stocking 
over the hydrostatic pressure stocking while others 
preferred to wear slacks. Male patients wore an 
ordinary sock over the hydrostatic pressure stock- 
ing. Since the tubes that connected the 2 bladders 
were small and flexible, the patient could conven- 
iently wear the entire device beneath his clothing. 
Special shoes were not required. The dressings 
were changed only as often as was necessitated by 
exudation from the uleer surface. 


RESULTS 

Ten patients with chronic venous insuffi- 
ciency associated with large ulcers of the 
skin of the leg were treated with the hydro- 
static pressure stocking. All of the patients 
were urged to follow their usual daily 
routines. 

Healing of the ulcers occurred in all of 
the patients. The rapidity with which the 
healing took place seemed to depend prima- 
rily upon the original size of the ulcer. The 
hydrostatic pressure stocking did not appear 
to shorten or lengthen the period of time 
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required for healing of the ulcers compared 
with the period of time which might have 
been required for healing had the patient 
heen hospitalized. Seven of the patients had 
had thrombophlebitis while the remaining 3 
were apparently suffering from ulcers due 
exclusively to varicose veins. Initially, the 
uleers were 3 to 8 em. in diameter. The time 
required for complete epithelialization of the 
ulcer surfaces varied from 2 to 5 weeks. Four 
of the patients had experienced considerable 
pain in the region of the ulcer during de- 
pendency of their legs. The hydrostatic pres- 
sure stocking relieved this pain completely. 
In all cases, the gross edema was dissipated 
within 3 to 5 days after initiation of the 
therapy. The patients found the stocking to 
be more bulky and noticeable than an ordi- 
nary elastic stocking. They grew used to it 
after several days, however, and said that it 
did not interfere with their activities in any 
way. 

The device was worn by a school instructor 
virtually continuously for a period of 2 years 
without interruption of his teaching duties. 
His difficulties were initiated by severe 
thrombophlebitis in the deep and superficial 
veins of the leg. After this, but prior to use 
of the hydrostatic pressure stocking, he had 
been hospitalized at yearly intervals for 6- 
to 8-week periods over a span of 6 years, 
because of repeated and extensive ulcer for- 
mation. All of the indicated surgical proce- 
dures to the venous system of his legs had 
been performed 3 or more years prior to 
initial use of the hydrostatic pressure stock- 
ing. During the subsequent 2 years when he 
wore the stocking it was not necessary to 
hospitalize him. Two ulcers on one leg 
healed completely with this form of therapy. 
Following this it was necessary for him to 
be without the device on 2 occasions for 3- 
week periods and in each instance an ulcer 
appeared but healed again upon resumption 
of therapy. 

A second patient continued to work as a 
cook in a restaurant while wearing the hydro- 
static pressure stocking. His job required 


‘ 
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that he stand for most of the day. An uleer 
3.5 em. in diameter, due apparently to vari- 
cose veins, healed during 4 weeks of treat- 
ment with the stocking. Then he stopped 
wearing the stocking and elected to defer 
surgical therapy of his varicose veins. When 
a second ulcer 0.5 em. in diameter occurred 
11 months later, he was hospitalized for liga- 
tion and stripping of his varicose veins. 

A third patient was an obese, elderly 
woman who worked in a nursing home. She 
had had a deep ulcer 7 em. in diameter on 
the anterior surface of her leg for a period of 
over 5 years. The ulcer was due to varicosi- 
ties and previous thrombophlebitis. It had 
been treated with various forms of compres- 
sion but to no avail. She had never been 
hospitalized however. The ulcer healed com- 
pletely during a period of 5 weeks’ treatment 
with the hydrostatic pressure stocking. This 
patient had extremely large legs as a result 
of the obesity and edema. It was possible to 
adjust the stocking to fit her leg without 
special tailoring. 

The remaining patients in the series had 
had ulcers of the lower extremity for rela- 
tively short periods of time. Their course of 
treatment with the hydrostatic stocking was 
uneventful. It was of interest to observe that 
secondary infection of the ulcers, even when 
severe, cleared promptly with this form of 
therapy. As noted above, antibiotic or other 
local applications were not used. 

All of the patients studied had subcutan- 
eous fibrosis, which was evident after dissipa- 
tion of the edema. The extent of this fibrosis 
varied but it was marked in 4 of the patients. 
As with other forms of therapy for these 
ulcers, extensive subcutaneous fibrosis seemed 
to be associated with a slower rate of healing 
of the skin. 

All of the patients apparently followed 
instructions faithfully as to the use of the 
hydrostatic pressure stocking. 

Pressures beneath the hydrostatic pressure 
stocking relative to those predicted from the 
level of the bladder in the axilla, averaged 
+1.2 (range —5.8 to +6.4) em. of water meas- 
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Fig. 2. Diagrammatic illustration of the resuits of 


pressure measurements beneath the hydrostatic pres- 
sure stocking from 2 points with the subject in 2 


positions, 


ured at 12 points beneath the stocking in the 
recumbent, sitting, and standing positions. 
The results obtained from 2 points beneath the 
stocking, in 2 positions are illustrated (fig. 2). 
The pressures were attained in 15 to 30 sec- 
onds with each change of position of the sub- 
ject. 

The durability of the stocking was outstand- 
ing in that the first patient referred to above 
demonstrated that it could be worn daily for 
at least a year without developing serious de- 
fects. Since numerous modifications of the 
stocking were made from the time he first be- 
gan its use, he did not wear any single stock- 
Three of the 
stockings have been filled with water for 214 


ing for longer than 1 year. 


years and have shown no evidence of leaking. 


DIscussION 

Patients with large ulcers of the leg caused 
by chronic venous insufficiency often have to 
be hospitalized before healing can be achieved. 
These ulcers apparently occur as a result of 
the high venous pressures in the leg associated 
with the erect posture. The high pressure is 
not lowered significantly by walking, espe- 
cially if the chronic venous insufficiency has 
resulted from previous thrombophlebitis.** 
Presently available methods for treatment of 
such patients on an ambulatory basis involve 
the application of some form of compression 
that imparts essentially a constant pressure to 
the ulcer. Occasionally, such methods of treat- 
ment are quite effective, but in general the re- 
sults are unpredictable. The reason for this 
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variation undoubtedly lies in the difficulty of 
selecting or applying a single pressure to the 
extremity that would be reasonably effective 
in all situations. For example, the external 
pressure needed to counterbalance the venous 
pressure that occurs at the level of the ankle 
of a patient 6-feet tall in the standing position 
would be approximately 130 cm. of water. 
Ordinary elastic compression imparts about 25 
cm. of water pressure to the tissues. If a 
pneumatic cuff'? were used to produce the 
needed counterpressure of 130 em. of water 
(96 mm. He), the patient would experience a 
significant decrease in blood flow to the foot 
when he assumed the sitting or supine position. 
This factor would be especially important if 
the patient were also suffering from arterial 
insufficiency. The presence of arterial insuf- 
ficiency should lead the physician to use any 
form of external compression cautiously. 
However, a pressurizing device that adjusts 
itself to counterbalance exactly the venous 
pressure of the leg is the safest of the avail- 
able methods for use in this circumstance. 
This form of compression reduces the effective 
local arterial pressure to the same extent that 
it reduces the effective local venous pressure, 
so that the effective gradient of pressure from 
artery to vein would not be altered. If the 
pressure used on the leg greatly exceeded that 
needed to counterbalance local venous pres- 
sure, then it would result in a further decrease 
in effective local arterial pressure without a 
further decrease in effective local venous pres- 
sure so that the arterial-to-venous gradient of 
pressure would be reduced and consequently @ 
reduction of blood flow would oceur.!” 

It is evident that it would be theoretically 
advantageous to pressurize the leg of a pa- 
tient with chronie venous insufficiency and 
ulceration of the skin from a column of water 
whose height is governed by the position of the 
patient. It was possible to incorporate a hy- 
drostatically pressurized bladder into a stock- 
ing that could be worn for long periods of 
time without serious inconvenience to the pa- 
tient. In fact several patients continued to be 
employed in full-time occupations during 
treatment with this hydrostatic pressure 
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stocking. All of the patients treated with this 
levice had complete healing of the ulcers. In 
some no further surgical procedures were in- 
licated while others entered the hospital for 
lefinitive corrective surgery to the veins as 
soon as the ulcers were healed. 

The pressures actually reflected onto the 
surface of the leg by the hydrostatic pressure 
stocking were, with minor variations, those 
that were predicted for the position of the 
patient. Venographic studies of the lower ex- 
tremity have shown that external local com- 
pression of the leg results in a narrowing of 
deep as well as superficial veins.’* Direct 
measurements of tissue pressure! and studies 
of changes of venous volume with external 
compression!” !© have also indicated that the 
pressure is transmitted to the deep as well as 
the superficial tissues. 

The results of the studies here reported sug- 
vest that edema per se plays a decisive role in 
the perpetuation of the ulcers of chronic 
venous insufficiency. The primary effect of the 
hydrostatic pressure stocking would seem to 
be one of maintaining a low transmural pres- 
sure within the veins and capillaries of the 
leg with a resultant diminution of edema for- 
mation. It is at least theoretically possible, 
however, that blood flow was improved with 
use of this device. The lower effective venous 
pressure and the associated lower venous vol- 
ume! might have allowed the leaflets of the 
small number!® of venous valves to come into 
apposition, so that the normal ‘‘ venous heart’’ 
mechanism operated to some extent to remove 
blood from the exercising calf. Finally, the 
brief rises of venous pressure that oceur with 
coughing or with the Valsalva maneuver® 
might have been partially counterbalanced by 
the hydrostatic pressure stocking. 


SUMMARY 

A device is described that reflects counter- 
pressure onto the surface of the leg in such a 
way that the pressure is equivalent to that of 
a vertical column of water between any point 
on the leg and the level of the right atrium 
regardless of the position of the patient. This 
device, the hydrostatic pressure stocking, 
could be conveniently worn by patients. 
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Ten patients with ulcer of the skin of the 
leg due to chronic venous insufficiency used 
the hydrostatic pressure stocking as a sole 
means of therapy while pursuing their usual 
daily activities. All of the ulcers healed com- 
pletely with this treatment. The rate of 
healing was as rapid as might have been ex- 
pected with complete bedrest and elevation of 
the extremity. 

The hydrostatic pressure stocking does not 
obviate the necessity of indicated surgery to 
the local venous system. This device may 
serve as a useful adjunct to surgery in that 
an ulcer can be healed prior to entrance into 
the hospital, thus reducing the chances of 
subsequent wound infections. The hydro- 
static pressure stocking appears to be of spe- 
cial value to patients who have chronic venous 
insufficiency with repeated formation of ul- 
cers, when all forms of surgical therapy have 
been exhausted. 

The results of these studies suggest that the 
primary value of the hydrostatic pressure 
stocking in the treatment of ulcers of chronic 
venous insufficiency is prevention of the for- 
mation of edema. Improved blood flow and 
counterbalaneing of sudden rises of local 
venous pressure with coughing cannot be 
ruled out as additional beneficial effects how- 
ever. 
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SUMMARIO IN INTERLINGUA 

Es describite un dispositivo que refiecte un 
contrapression contra le superficie del gamba 
in un tal maniera que su effecto es le equiva- 
lente del effecto pressori de un columna de 
aqua inter non importa qual puncto super le 
gamba e le nivello del atrio dextere, sin re- 
guardo al postura occupate per le patiente. 
Iste dispositivo, le caleea de pression hydro- 
static, pote esser portate per le patiente sin 
inconveniente. 


Dece patientes con ulceres cutanee al gam- 
ba causate per chronic insufficientia venose 
usava le calcea de pression hydrestatic como 
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le exclusive mesura therapeutic durante que 
illes esseva ingagiate in lor usual activitates 
quotidian. Sub iste tractamento omne le ul- 
ceres se sanava completemente. Le rapiditate 
del sanation esseva lo que on haberea expectate 
sub le conditiones de allectamento complete 
con elevation del extremitate. 

Le ecaleea de pression hydrostatic non elimi- 
na le necessitate de chirurgia local in le sys- 
tema venose quando un tal es indicate. Illo 
pote esser usate como adjuncto benefice al chi- 
rurgia, in tanto que un ulcere pote esser sanate 
ante le hospitalisation del patiente de maniera 
que le risco de subsequente infectiones del vul- 
nere es reducite. Il pare que le calcea de 
pression hydrostatic es de valor special in le 


caso de patientes con chronic insufficientia ve- 
nose in qui il ha repetite formation de ulcers 
e in qui omne formas de therapia chirurgic 


ha essite exhaurite. 

Le resultatos de iste studios suggere que le 
prime valor del calcea de pression hydrostatic 
in le tractamento de ulceres causate per chro- 
nic insufficientia venose es le prevention de 
omne formation de edema. Tamen, un melio- 
ration del fluxo de sanguine e le equalisation 
de subite augmentos de local pression venose 
quando le patiente tussi non pote esser negate 
como benefice effectos additional. 
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Effect of Heart Irregularity on Left Ventricular and 
Arterial Peak Systolic Pressures in Aortic Stenosis 


By W.S. Breau, M.D., anp A. B. SHarrer, M.D. 


In aortic stenosis, systemic arterial peak systolic pressure may remain relatively steady 
in the face of marked, arrhythmia-induced, variations in left ventricular peak systolic 
pressure. A possible basis for this phenomenon is presented. It is suggested that beat-to- 
beat variations in the systolic pressure gradient across the aortic valve region may 

beat t the systol ure gradient the aort ] gion may not 


always reflect variations in stroke volume. 


NDER most circumstances when the 
U pulse. is irregular, systemic arterial 
systolic pressure closely mirrors the variations 
in left ventricular systolic pressure although 
the 2 are not necessarily identical. By con- 
trast, left heart catheterization of patients 
with aortic stenosis, in whom the pulse was 
irregular, revealed exaggerated beat-to-beat 
variation in left ventricular peak systolic pres- 
sure, with little variation in simultaneously re- 
corded systemic arterial peak systolic pressure. 
The purpose of this communication is to eall 
attention to this phenomenon, and to provide 
a possible explanation. 


MATERIAL 


All left heart catheterization data (posterior 
percutaneous approach! and data obtained at the 
time of cardiae surgery were reviewed. Cases dem- 
onstrating beat-to-beat variations in left ventricu- 
lar systolic pressure with simultaneously recorded 
radial, brachial, or aortic pressure were selected 
for analysis. Variations were due to arrhythmias 
or were respiratory. Arrhythmias included prema- 
ture beats, atrial fibrillation, and sinus arrhythmia. 
Aortie stenosis was present in some eases, absent 
in others. The cases selected for presentation are 
representative. 


RESULTS 
Figures 1 and 2 depict simultaneously 
recorded left ventricular and systemic arte- 


rial pressure pulses in 2 cases of aortic steno- 
sis. Noteworthy, particularly in figure 1, are 
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the markedly variable left ventricular peak 
systolic pressures and the much less variable 
arterial peak systolic pressures. The systolic 
pressure gradient across the aortic valve re- 
gion is correspondingly variable. In con- 
trast, in the absence of aortic stenosis (fig. 
3), systemic pressure mirrors left ventricular 
pressure with great fidelity. 

The relationship of ventricular and arterial 
peak systolic pressure level to previous cycle 
length has been plotted as a pressure-time 
curve for each of eases 1 and 3 in figures 
4 and 5 respectively. The expected depend- 
ence of left ventricular peak systolic pressure 
level on previous cycle. length is clearly indi- 
eated in both figures. Noteworthy is the flat 
arterial curve in figure 4 in the presence of 
relatively severe aortic stenosis, contrasting 
with figure 5 in which, stenosis being absent, 
the arterial curve parallels the ventricular 
curve. 

Discussion 

The left ventricular pressure-time curves 
in figures 4 and 5 are of a contour one would 
expect from the classic observation of de- 
pendence of ventricular systolic pressure on 
end-diastolic volume.? In the arrhythmias 
under discussion, a greater diastolic filling 
time presumably acting through increased 
end-diastolic volume, results in a more force- 
ful ventricular contraction. The force of ven- 
tricular contraction is a major determinant of 
left ventricular systolic pressure. In the 
normal heart, the left ventricle and major 
arteries act as a common chamber during sys- 
tole, pressures being approximately equal al- 


Circulation, Volume XX, December 1959 





Fic. 1 Top. Simultaneous left ventricular and radial 
arterial pressure pulse curves and electrocardiogram 
(lead IL) in a patient with aortic stenosis (case 1), 
showing atrial premature contractions followed by 
pauses. Note the marked variation in left ventricu- 
lar peak systolic pressures with almost constant ra- 
dial arterial peak systolic pressures. The radial ar- 
terial systolic pressure tends to be highest in beats 
terminating normal intervals rather than in associa- 
tion with highest left ventricular systolic pressures, 
and is lowest in association with premature beats. 
Note also variations in radial arterial pulse contour. 

Fig. 2 Middle. Simultaneous left ventricular and 
radial arterial pressure pulse curves and electrocardio- 
gram (lead IT) in a patient with atrial fibrillation 
and aortic stenosis (case 2). 

Fig. 3 Bottom. Simultaneous left ventricular and 
aortic pressure pulse curves and electrocardiogram 
(lead IIT) in a patient with atrial fibrillation and no 
aortic stenosis (case 3). Note the parallel variations 
in aortie and left ventricular peak systolic pressures. 
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though in the peripheral vessels some varia- 
tion occurs due to deformation in transmis- 
sion of the pulse. When aortic stenosis is 
present, the left ventricle and systemic ar- 
terial tree can no longer, from the physiologic 
point of view, be considered as a single cham- 
ber in systole. The severity of the stenosis is 
an important determinant of the systolic 
pressure gradient across the aortic valve re- 
gion. This pressure gradient, however, varies 
not only with the degree of stenosis but appar- 
ently also with the square of the stroke volume. 
While it is evident from the foregoing that 
relatively small changes instroke volume may 
markedly affect the gradient, consideration of 
the hemodynamics in individuals without 
aortic stenosis would lead to the conclusion 
that arterial systolic pressure in aortic steno- 
sis should still mirror left ventricular sys- 
tolic pressure but with less marked variations 
as the gradient widens or narrows from beat 
to beat in relation to changes in stroke vol- 
ume. Case 1 (figs. 1 and 4) illustrates how 
varitions in left ventricular peak systolic 
pressure as great as 120 mm. Hg may be 
almost totally unreflected in the systemic ar- 
terial pulse, and suggests that other factors 
are active. 

In aortic stenosis, left ventricular peak 
systolic pressure is determined primarily by 
the force of ventricular contraction and the 
resistive force of the stenotic valve. The as- 
sumption appears reasonable that the stenotic 
resistive force is dependent upon the force of 
left ventricular contraction; the greater the 
contracting force, the greater being the resist- 
ive force. Systemic arterial peak systolic pres- 
sure would be determined primarily by the 
force of ventricular contraction minus the 
stenotic resistive force. Should the resistive 
force vary with the contracting force, a possi- 
ble result might be partial or almost complete 
failure of arterial peak systolic pressure to 
reflect variations in left ventricular systolic 
pressure, as best seen in figure 1. Related to 
this is the effect of graded severity of stenosis 
on stroke volume. The latter may be ex- 
pressed as mean velocity of ejection X cross 
sectional area of the valve orifice in systole. 
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If aortic stenosis exceeds a certain critical 
severity, variations in force of ventricular 
contraction may no longer be able to influence 
velocity of outflow. It then follows that stroke 
volume will vary only with the duration of 
ejection. While variations in duration of ejec- 
tion do occur, they are small and could not 
be expected greatly to influence stroke output 
from beat to beat in these circumstances. 
Thus, the almost complete lack of variation 
in arterial systolic pressure levels could be 
attributed in part to a relatively fixed stroke 
output, and the pressure gradient might then 
vary widely while the stroke output remains 
relatively fixed. A lack of correlation between 
pressure gradient and stroke volume would 
result when the circumstances illustrated in 
figure 1 exist.* Other factors contributing to 
systemic arterial systolic pressure level, such 
as peripheral vascular resistance, volume- 
elasticity characteristics of the systemic ar- 
terial tree, ete., are well known,’ and will 
not be further detailed here. There appears 
to be little reason for assuming that their 
quantitative contributions to beat-to-beat 
variations in arterial systolic pressure in the 
presence of aortic stenosis differ in any im- 
portant respect from the normal. 

When a more variable arterial peak sys- 
tolic pressure is noted (fig. 2), one might 
assume either a less severe degree of stenosis 
or alternatively, a less rigid form of stenosis, 
in which the stenotic opening alters in size 
with changes in the force of ventricular 
contraction. 

While the practical importance, in the 
assessment of aortic stenosis, of a systolic 
pressure gradient across the aortic valve 
region cannot be denied, particularly when 
flow past the aortic valve can be taken into 
account, the above observations cast some 
doubt on the assumed simple relationship be- 


*Expressed in terms of external work of the ven- 
tricle (EW = PQ + Mv’/2g, where EW = external 
work, P = ventricular mean systolic pressure, Q = 
stroke volume, M = mass of blood moved, v = veloc- 
ity and g = gravitational constant), if v and there- 
fore Q and M are maximum and fixed, a rise in P 
will determine increase in EW which is entirely iso- 
volumie and therefore unrelated to flow. 
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Fig. 4 Top. Systolic pressure-time curves for the 
left ventricle (solid line) and radial artery (dashed 
line) in aortie stenosis (case 1). 

Fic. 5 Bottom. Systolie pressure-time curves for the 
left ventricle (solid line) and aorta (dashed line) 
with no aortie stenosis (ease 3). 


tween pressure gradient and stroke volume. 
Further evaluation will have to await the 


development of a technic for measuring beat- 


to-beat variations in stroke volume in man. 
An incidental observation in ease 1 should 
be mentioned. Figure 1 shows that the con- 
tour of the systemic arterial pulse is variable, 
although the pressure level changes but little. 
As left ventricular peak systolic pressure in- 
ereases, the arterial pressure pulse becomes 
more characteristic of aortic stenosis. Ar- 
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terial pulse contour has been related in a 
general way, both experimentally* and clin- 
ically,® to the severity of stenosis. Therefore, 
the present observation suggests that the de- 
gree of stenosis is relatively exaggerated dur- 
ing certain beats. While it is possible that 
variations in stroke output might be, in part, 
the basis for this variation, the idea that the 
resistive force opposing outflow is in a sense 
variable, depending on the foree of ventricu- 
lar contraction, is a more attractive hypoth- 
esis. 

The possibility exists that a relatively fixed 
systemic arterial systolic pressure level in 
the presence of an irregular pulse may be 
an additional clinical reflection of severe 
aortic stenosis. 

SUMMARY 

In aortic stenosis with an irregular pulse, 
a relatively less variable or almost constant 
peripheral arterial peak systolic pressure is 
described in association with marked variation 
in left ventricular systolic pressure. Possible 
mechanisms for this phenomenon are dis- 
cussed. 
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SuMMARIO IN INTERLINGUA 

In stenosis aortic con irregularitates del 
pulso, un relativemente minus variabile o 
quasi constante maximo del tension systolic 
periphero-arterial es describite in association 
con mareate variationes del tension systolic 
sinistro-ventricular. Mechanismos possibile de 
iste phenomeno is discutite. 
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I think that knowledge of every kind is useful in proportion as it tends to give people 
right ideas, which are essential to the foundation of right practice, and to remove wrong 
ideas, which are the no less essential foundations and fertile mothers of every description 
of error in practice. And inasmuch as, whatever practical people may say, this world 
is, after all, absolutely governed by ideas, and very often by the wildest and most hypo- 
thetical ideas, it is a matter of the very greatest importance that our theories of things, 
and even of things that seem a long way apart from our daily lives, should be as far as 
possible true, and as far as possible removed from error.—THomAS H. Huxtey. American 
Address with a Lecture on the Study of Biology. London, MaeMillan and Co., 1877, p. 142. 





Gallop Rhythm of the Heart 


II. Quadruple Rhythm and its Relation to Summation 
and Augmented Gallops 


By JoserH GRayZEL, M.D. 


The 2 fundamental types of gallop are ventricular gallop and atrial gallop. Adequate 
cardiac acceleration modifies these gallops and may produce a summation gallop, an aug- 
mented ventricular gallop, or an augmented atrial gallop. The summation and augmented 
gallops were examined and their relation to the 2 fundamental gallops was quantitated. 
The cardiac rate at which summation and augmentation occur is unique. A graph and 
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2 corresponding equations were derived which relate the summation cardiac rate and 


corresponding cycle length to familiar electrocardiographiec and phonocardiographic 
s s s 


intervals. 


SS. rhythm has been defined as a 
‘‘mechanical hemodynamic event associ- 
ated with a relatively rapid rate of ven- 
tricular filling and characterized by a 
ventricular bulge and a_ low-frequency 
sound.’’! From this definition it follows that 
the cardiae gallop is a diastolic event. Of 
the 5 divisions of diastole—protgdiastole of 
Wiggers, isometric ventricular relaxation, 
rapid ventricular filling, slow ventricular 
filling, and atrial contraction—a_ relatively 
rapid rate of ventricular filling occurs dur- 
ing 2 periods, the rapid-filling phase, which 
follows immediately upon opening of the 
atrioventricular valve, and the atrial phase, 
which follows contraction of the upper cham- 
ber. Two corresponding types of gallop exist. 
These are the rapid-filling (or ventricular) 
gallop and the atrial gallop, respectively. 
Both types of gallop are ventricular phe- 
nomena and each may be generated in either 
ventricle. Therefore, it is desirable to specify 
whether a gallop originates from the right 
or left side of the heart. 

Gallop may occur at any heart rate. Asso- 
ciated mechanical aspects of the gallop have 
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been recorded with the electrokymogram,? 
slit roentgenkymogram,’ ballistocardiogram,* ® 
and apex cardiogram.' 

Ventricular gallop appears indicative of 
diastolic overload. It occurs with an abnormal 
relation between the rate of rapid filling and 
the ventricle’s ability to accommodate its in- 
creasing diastolic volume. The wave of rapid 
left ventricular filling is increased in mitral 
insufficiency, in which left atrial volume is 
large, the atrial pressure is high, and mitral 
stenosis is not of a degree to restrain the rate 
of flow from atrium to ventricle. 

In aortie insufficiency the regurgitant 
blood stream augments left ventricular filling 
and the total rapid-filling wave exceeds that 
normally present. 

Left-to-right shunts at the ventricular 
level or between the great vessels result in 
increased left ventricular diastolic filling and 
stroke volume. Examples are interventricular 
septal defect, patent ductus arteriosus, and 
aortic-pulmonary window. 

Interatrial septal defect increases diastolic 
filling of the right ventricle and rapid-filling 
gallop of the right ventricle may occur. 

More common than ventricular gallop due 
to an increased filling wave is ventricular 
gallop due to altered accommodation during 
the volume changes of diastole. The most fre- 
quent cause is heart failure, in which the 
ventricle is dilated and myocardial tone is 
poor. 
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Left ventricular gallop occurs 0.15 second 
after the onset of the second heart 
sound.!:+;%7 An exception is mitral insuffi- 
ciency, in which this gallop begins 0.10 second 
after the second heart sound! due to earlier 
opening of the mitral valve when left atrial 
pressure is elevated, ending a shortened pe- 
riod of isometric ventricular relaxation. 

Atrial gallop appears indicative of systolic 
ventricular overload. It is generated on the 
left side of the heart in essential hyperten- 
sion and aortic stenosis, and on the right side 
in pulmonary hypertension of varied etiology 
and in pulmonic stenosis. 

When atrial gallop is present in essential 
hypertension, there is invariably evidence of 
left ventricular hypertrophy, either from 
physical examination, roentgenograms, or 
the electrocardiogram.':® The atrial gallop 
will often persist when the blood pressure 
in a known hypertensive person is within 
normal range. This observation suggests that 
the ventricular changes, rather than the ele- 
vated blood pressure per se, are essential for 
the production of this presystolic gallop. In 
the known hypertensive person the presence 
of an atrial gallop warrants a diagnosis of 
hypertensive heart disease. 

The interval from the onset of the P wave 
of the electrocardiogram to the left atrial 
gallop is 0.14 second.!:®°® The inaudible vi- 
brations of mechanical atrial contraction occur 
earlier than the atrial gallop. Many of the 
atrial sounds heard in various degrees of 
heart block occur later than true atrial gallop. 

Quadruple rhythm denotes the presence of 
4 heart sounds. The special case of concern 
here is quadruple rhythm due to the oceur- 
rence of both left ventricular and left atrial 
gallops in addition to the normal first and 
second heart sounds. 


As the heart rate increases, the cycle length 
decreases, principally at the expense of dias- 
tole. More specifically, the period of slow 
ventricular filling is shortened and even to- 
tally eliminated with tachycardia of sufficient 
degree. At this point a slight additional in- 
crease in rate results in superposition and 
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summation of the rapid-filling phase and 
atrial contraction (summation phenomenon). 
When both the rapid-filling and atrial gal- 
lops are present, they are superimposed as 
summation occurs. The resulting single, in- 
tense gallop is called summation gallop. The 
single sound is usually much louder than 
would be obtained from simple addition of 
the 2 component sounds; this gives the im- 
pression that the intensities are multiplied 
rather than summed as the name implies. 

When the summation gallop occurs, me- 
chanical and auscultatory aspects of the 2 
component gallops appear summated. There 
is summation of the respective ventricular 
thrusting forces as well as summation of the 
sounds. 

A rapid ventricular filling gallop is greatly 
intensified when a previously silent phase of 
atrial contraction is superimposed upon it by 
an increased heart rate. The single ventricu- 
lar gallop intensified by this mechanism is 
augmented both mechanically and _ acousti- 
eally, and is called augmented ventricular 
gallop. Similarly, an atrial gallop superim- 
posed upon a silent period of rapid ventricu- 
lar filling is intensified’ and is called aug- 
mented atrial gallop. Thus, the mechanism 
of the augmented gallop and the true sum- 
mation gallop is similar in that superposition 
of the rapid ventricular filling period and 
the period of atrial contraction is essential 
to both. 

The intensity of an augmented gallop and 
the loudness of the true summation gallop 
make these easily audible and probably ac- 
count for the repeated statement that a gallop 
is only heard during tachyeardia. 

A single loud gallop sound present during 
tachyeardia may be either an augmented 
gallop or a true summation gallop. The dis- 
tinction can be made only when the heart 
rate is slowed. The summation gallop will 
ehange to a quadruple rhythm at the slower 
rate. The augmented gallop will only decrease 
in intensity, the sound remaining single. If 
an augmented ventricular gallop is present, 
the sound will retain its relation to the 
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second heart sound and remain in early dias- 
tole. If an augmented atrial gallop is present, 
the sound will retain its relation to the P 
wave and remain presystolic. 


METHOD AND MATERIALS 

Phonoeardiograms were recorded simultaneous 
with the electrocardiogram and apex cardiogram 
on a Sanborn Twin-beam at a paper speed of 
75 mm. per second with vertical time lines at 
0.04 second. The patients were in the supine 
position. 

The method for recording local precordial move- 
ments has been described previously.! An upward 
deflection on the apex cardiogram represented a 
forward movement in the region of maximun 
cardiac pulsation. 

Observations on 5 patients with gallop sounds 
and the pertinent clinical details are presented. 
Quadruple rhythm due to the presence in each 
cardiac cycle of both the rapid-left-ventricular- 
filling gallop and the left atrial gallop was recorded 
in 2 patients. The various time intervals associated 
with these gallops have been included among pre- 
vious observations.! An augmented gallop or a 
true summation gallop was recorded in 3 patients. 


Case Reports 
Case 13 

E.C. was a 52-year-old Negro with a history 
of progressive exertional dyspnea for 2 years and 
recent orthopnea. On physical examination the 
blood pressure was 180/110, there was grade-II 
hypertensive retinopathy, and rales were present 
at both lung bases. The heart was moderately en- 
larged, and no murmurs were audible. Excursions 
at the point of maximum eardiae pulsation were 
complex: a prominent early diastolic bulge was 
present as well as a presystolic bulge, the latter 
giving the impression of a double systolie impulse. 
Upon auscultation the normal first and second 
heart sounds were easily identified. Two low- 
pitched sounds were present in diastole. The first 
oceurred soon after the second heart sound and 
corresponded in timing to the early diastolic, left 
ventricular bulge. The second low-pitched sound 
occurred with the presystolic bulge. 

A phonocardiogram (fig. 1) showed the low 
frequency (fundamental 25 ¢.p.s.) early diastolic 
sound occurring 0.16 second after the second heart 
sound. The presystolic sound was also of low fre- 
queney. (fundamental 25 ¢.p.s.) and followed the 
P wave by 0.12 second. Both diastolic sounds oc- 
curred simultaneously with a prominent ventricu- 
lar bulge on the apex cardiogram, indicating the 
presence of rapid-filling gallop and atrial gallop, 
respectively. 
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Comment. Atrial gallop of the left heart, which 
is associated with systolic overload of the left 
ventricle, was caused in this patient by essential 
hypertension. The electrocardiogram was normal. 
Rapid-filling gallop, which accompanies diastolic 
overload, in this case was the result of heart 
failure. 


Case 14 


W.O.H. was a 24-year-old white man who had 
experienced recurrent episodes of acute hemor- 
rhagie glomerulonephritis since childhood. In 1954 
hypertension and impaired renal function were 
present. In 1958 he was hospitalized for severe 
heart failure and terminal renal failure. At this 
time the blood pressure was 180/110. There was 
grade-III hypertensive vascular retinopathy. Rales 
were heard over both lung fields. The heart was en- 
larged to the anterior axillary line. No murmurs 
were audible. The cardiac pulsations were undu- 
lating in character and suggested myocardial dis- 
ease. A relatively distinct forward movement 
could, however, be consistently discerned in early 
diastole and was more distinct than the systolic 
impulse. Coincident with this early diastolic bulge 
was a low-pitched sound, loudest near the apical 
region. A faint presystolie sound of low pitch 
was also heard at the apex, but was loudest in the 
left fourth interspace. The neck veins were dis- 
tended, the liver was tender and enlarged, and 
there was 4-plus pitting edema of the legs and 
ankles. 

The hematocrit value was 22 per cent and the 
blood urea nitrogen was 228 mg. per 100 ml. The 
electrocardiogram was within normal limits. A 
phonoeardiogram recorded both diastolie sounds 
with fundamental frequencies of 35 and 50 ¢.p.s., 
respectively. The early diastolic sound was loudest 
near the apex (fig. 2B) and the presystolic sound 
was loudest in the left fourth interspace (fig. 24). 
The apex cardiogram (fig. 2C) illustrated the un- 
dulating cardiac movement felt through the chest 
wall. However, a prominent early diastolic bulge 
appeared consistently, simultaneous with the 
early diastolic sound, and indicated the presence 
of a rapid-filling gallop. A frank presystolie bulge 
simultaneous with the atrial presystolie gallop 
sound was not demonstrable. Presumably, the 
presystolie undulating wave occurring with the 
sound was in part due to the gallop bulge. 

Comment. The atrial presystolic gallop in this 
case reflected hypertensive heart disease resulting 
from hypertension of 4 years’ duration, secondary 
to renal disease. Left ventricular hypertrophy was 
confirmed at postmortem examination, although 
electrocardiographie evidence of hypertrophy was 
not present. The rapid-filling gallop reflected the 





Fig. 1 Top. Case 13. Phonoeardiogram with simul- 
taneous electrocardiogram, lead I (4), and apex 
eardiogram (B). The ventricular gallop (v@) oceurs 
in early diastole. The presystolic atrial gallop (aG) 
follows the P wave but precedes the QRS complex. 
The first and second heart sounds are indicated by 
1 and 2, respectively. Each gallop sound (vG@ and 
aG) occurs simultaneously with a gallop bulge (G). 
In the second cycle in B a definite ventricular gallop 
sound was not recorded though the gallop was still 
present, as evidenced by a prominent precordial move- 
ment (G) in early diastole. 

Fig. 2 Bottom. Case 14. A. Phonocardiogram in the 
fourth interspace left of the sternum and simultane- 
ous electrocardiogram, lead I. The presystolie atrial 
gallop sound is prominent while the early diastolic 
ventricular gallop sound is very soft. B. Phono- 
cardiogram at the cardiac apex and simultaneous 
electrocardiogram, lead I. In this location the ven- 
tricular gallop sound is louder than the atrial gallop 
sound. C. Simultaneous phonoecardiogram and apex 
eardiogram. A sharp, prominent precordial bulge con- 
sistently occurs with each ventricular gallop sound. 
The atrial gallop sound is not accompanied by such 
a definite movement. The undulating wave at the 
time of the atrial gallop sound is probably due, in 
part, to the gallop bulge. 
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myocardial failure. It is commonly found, as in 
this case, that the atrial and ventricular gallop 
sounds are loudest in different areas of the pre- 
cordium. 


Case 15 


L.L. was a 51-year-old obese Negro with known 
hypertension for 6 years and symptoms of con- 
gestive heart failure during the 3 years prior to 
this hospitalization for severe dyspnea, orthopnea, 
and massive edema. 

The blood pressure was 192/130 with 12 mm. 
of systolic alternation. The minute pulse rate was 
107. The ocular fundi showed grade-IT hyperten- 
sive vascular changes. There were basilar rales in 
both lungs. The heart was enlarged to the anterior 
axillary line. No murmurs. were audible, but 3 
heart sounds were present: the first sound was 
soft, and the second sound and the extra diastolic 
sound were of equal intensity, but the latter was 
of low pitch. The chest wall was obese and a 
diastolic ventricular bulge could not be detected. 
The neck veins were distended and there was 4- 
plus pitting edema of the ankles, legs, and lower 
thighs. An electrocardiogram showed left axis 
deviation but no evidence of hypertrophy. 

A phonoeardiogram (fig. 3) demonstrated the 
diastolic sound of low frequeney (fundamental 50 
eyeles per second) which occurred 0.15 second 
after the second heart sound and 0.13 second after 
the P wave of lead II. A satisfactory apex car- 
diogram could not be recorded through the obese 
chest wall. 

Comment. The diastolic gallop sound followed 
the second heart sound by the proper interval for 
a rapid-filling left ventricular gallop and followed 
the P wave by the proper interval for a left atrial 
gallop. It is justified to conclude that the summa- 
tion phenomenon was present. Subsequently, with 
a minute cardiac rate of 90, quadruple rhythm 
was present due to the occurrence of the ventricu- 
lar and atrial gallops separately with each cardiac 
cycle. Therefore, the single diastolic sound re- 
corded at a heart rate of 107 represented a true 
summation gallop as opposed to an augmented 
gallop as defined above. Atrial gallop in this hy- 
pertensive patient indicated myocardial hyper- 
trophy. Ventricular gallop was the result of dias- 
tolice ventricular overload secondary to _ heart 
failure. 


Case 16 

W.I. was a 32-year-old Negro who had been 
observed for 214 years with congestive heart fail- 
ure. The clinical impression was “idiopathic myo- 
cardial failure,” commonly seen in young Negroes. 
At this time the blood pressure was 120/70 and 
the minute pulse 108. Basilar rales were heard 
bilaterally. The heart was enlarged well to the 
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nterior axillary line. A blowing grade-II apical 
ystolie murmur was audible. A loud low-pitched 
iastolic sound was present and coincided with a 
elatively large forward movement of the region of 
naximum eardiae pulsation. The liver descended 1 
ingerbreadth below the right costal margin and was 
ender. There was 1-plus ankle edema. An electro- 
ardiogram was within normal limits. 

A phonocardiogram (fig. +4) demonstrated the 
rallop sound occurring 0.16 second after the 
second heart sound and 0.13 second after the P 
wave of lead II. The simultaneous ventricular 
bulge on the apex eardiogram was striking (fig. 
1B). 

Comment. The time interval from the second 
heart sound to the gallop was appropriate for a 
‘apid-filling left ventricular gallop. The interval 
from the P wave to the gallop was appropriate 
for a left atrial gallop. Thus, the summation phe- 
nomenon is present. At a slower cardiac rate the 
vallop remained single, was of less intensity, and 
maintained its relation to the second heart sound. 
The record shown (fig. 4) is therefore, an ex- 
ample of an augmented ventricular gallop. 

Case 17 

J.H.S. was a 35-year-old white man who had been 
observed for 2 years with heart failure. The celini- 
cal impression was “idiopathie myocardial failure.” 
There was never any evidence of hypertension or 
coronary artery sclerosis. The blood pressure was 
105/90 and the minute pulse 104. The ocular 
fundi were unremarkable. Rales were heard at 
both lung bases. The heart was moderately en- 
larged. A very low pitched diastolic sound was 
audible and coincided with a prominent apical 
bulge. This gallop sound was the loudest of the 3 
heart sounds. The first heart sound was particu- 
larly soft. The neck veins were slightly distended 
and there was 3-plus ankle edema. An electrocar- 
diogram showed complete left bundle-branch block. 

A phonoeardiogram (fig. 54) demonstrated a 
gallop sound of high intensity and low frequeney 
(fundamental 45 e¢.p.s.), which occurred simulta- 
neously with the sharp spike on the apex ecardio- 
gram (fig. 5B). 

Comment. The simultaneous sharp ventricular 
bulge established the diastolic sound to be a 
gallop. It eeeurs 0.13 second after the second 
heart sound, which is slightly less than the mean 
value for this interval but still appropriate for a 
left ventricular gallop. The P wave was lost in 
the preceding T wave with a P-R interval of 0.20 
to 0.22 second. The interval between the P wave 
and the gallop was in the range appropriate for a 
left atrial gallop. The great intensity of the gallop 
compared to the first and second heart sounds 
further supports the conclusion that the summa- 
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Fig. 3. Case 15. Simultaneous phonocardiogram and 
electrocardiogram, lead II. A summation gallop oe- 
curs in mid-diastole; it follows the second heart sound 
by 0.15 second and the P wave by 0.13 second, and 
clearly precedes the QRS complex. 


tion phenomenon was present. This patient was 
not observed at a slower cardiac rate and we are 
therefore unable to say whether the gallop was a 
true summation gallop or an augmented gallop. 


DISCUSSION 

Over the range of cardiac rates usually 
encountered the rapid-filling or ventricular 
gallop sound bears a constant relation to the 
second heart sound.! The mean value for the 
interval between the second heart sound and 
the left ventricular gallop (2-vG interval) is 
0.15 second. The ventricular gallop in mitral 
regurgitation is a special case and is not 
included in the calculation of this mean value. 

The left atrial gallop follows the P wave 
(P-aG interval) by 0.14 second. When ecar- 
diae acceleration is sufficient to eliminate the 
period of slow ventricular filling and cause 
superposition of the ventricular and atrial 
gallop sounds, the true summation gallop re- 
sults. Therefore, the true summation gallop 
should possess those timing features character- 
istie of its 2 component gallops. It should 
follow the second heart sound by 0.15 second 
and follow the P wave by 0.14 second. It 
becomes evident that the heart rate at which 
precise summation occurs is not a matter of 
chance but is uniquely determined by the 
different time intervals that comprise a single 
eardiae cycle. 


Figure 6 illustrates a single auscultatory 
eardiae cycle from one first heart sound to 
the next. The second heart sound and the 
summation gallop are also indicated. Above 
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Fig. 4 Top. Case 16. A. Simultaneous phonocardio- 
gram and electrocardiogram, lead I. The mid-diastolic 
gallop sound follows the second heart sound by 0.16 
second, follows the P wave by 0.13 second, and pre- 
eedes the QRS complex. B. Simultaneous phonoecardio- 
gram and apex ecardiogram. The gallop sound is best 
seen in the second eyele shown. The _ transmitted 
gallop bulge is large, prominent, and consistently 
present. The minute heart rate is 107. 

Fig. 5 Bottom. Case 17. A. Simultaneous phono- 
cardiogram and electrocardiogram, lead I. Complete 
left bundle-branch block is present. The P wave 
oceurs during the end of the T wave with a P-R 
gallop (G@) is the loudest of the 3 heart sounds. It 
interval of 0.20 to 0.22 second. The mid-diastolice 
follows the second heart sound (2) by 0.13 seeond, 
follows the P wave by approximately 0.12 second, 
and precedes the QRS complex. The first heart sound 
(1) is very soft. B. Simultaneous phonocardiogram 
and apex cardicgram. The undulating precordial move- 
ment is indicative of severe myocardial disease. Amidst 


these undulations is a sharp, distinct gallop bulge 
(G@) simultaneous with the gallop sound. The gallop 
bulge produces the most prominent of the precordial 
movements. The minute heart rate is 102. 
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the auscultatory eycle is the simultaneous 
electrocardiogram showing the P wave and 
the QRS complex. The single cycle is divided 
into intervals to enable calculation of th 
cycle duration at which the summation gallop 
occurs. The duration of this cycle is the sum 
of its component subdivisions as constructed. 
We observe from figure 6 that 
Summation cycle length (seconds/cycle) = 
S+(2-rG)+(PR)—(P-aG) +(Q-1) (1) 

This expression is accurate for any given 
case but is cumbersome for general use. It is 
simplified by substituting for some of the 
intervals their numerical mean values. The 
following values are employed: S = 0.29 
second. This is the interval between the first 
and the second heart sounds at a cardiac rate 
of 109. This rate lies in the middle range of 
‘ates at which summation occurs. (2-vG) = 
0.15 second. (P-aG) = 0.14 second. These 
are the most accurate mean values to 2 sig- 
nificant figures for the left heart. The P-aG 
interval was determined in_ hypertensive 
heart disease, which is the most frequent 
cause of left atrial gallop. It may be a valid 
mean for other conditions of systolic over- 
load, such as aortic stenosis, but such a statis- 
tical study is not available. (Q-1) = 0.07 
second. This is the mean value for this in- 
terval in hypertensive heart disease.’ 1° 

The P-R interval is left as a variable since 
its variations are random and oceur over a 
wide range. 

On substitution of the above values, equa- 
tion 1 becomes 


Summation cycle length (seconds/cycle) = 
(0.29) + (0.15) +PR—(0.14) + (0.07) 
seconds/cycle = 0.37 + PR (2) 


Taking reciprocals on both sides of equation 
2 yields 


1 
cycles/second = —____—__ 
0.37 + PR 
Multiplication by 60 gives minute heart rate 
60 
cycles/min, = 037 + PR (3) 


Equation 3 provides a useful relation be- 
tween the heart rate in beats per minute 
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__-{$} 


(PR)- (PaG) 


CYCLE LENGTH = (S)+(2-vG)+(PR)— (RaG) + (Q-1) 





—— 060 





0.55 


prevsteety 4 050 


: 03 4 5 6 ? 8 0.9 SECOND 

Fig. 6 Top. Schematic representation of simultane- 
ous electrocardiogram (upper tracing) and phono- 
cardiogram (lower tracing) for a single auscultatory 
eyele in which the summation phenomenon occurs 
precisely. Then, the gallop sound (G) shouid possess 
the timing features of both a rapid-filling gallop 
and an atrial gallop. The single cycle is then divided 
into intervals to enable calculation of the cycle length 
in terms of known quantities. The P wave and the 
QRS complex are labeled as such. 1, first heart sound; 
2, second heart sound; G, summation gallop or aug- 
mented gallop; S, duration of auscultatory systole; 
2-vG, interval from the second heart sound to the 
rapid-ventricular-filling gallop; PR, electrical P-R 
(P-Q) interval; P-aG, interval from onset of the 
P wave to the atrial gallop; Q-1, interval from onset 
of the QRS complex to the first heart sound. 

Fic. 7 Bottom. Graphic representation of a single 
auscultatory cycle from one first heart sound to the 
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at which precise summation occurs (i.e., the 
summation rate) and the P-R interval in 
seconds. Table 1, column 2, lists corresponding 
values for the summation cardiac rate and the 
P-R interval, as calculated from equation 3. 

The relation expressed by equations 2 and 
3 is depicted graphically in figure 7. This 
graph was constructed by employing the 
mean values for the 2-vG, P-aG, and Q-1 
intervals. The horizontal width of the figure 
at any level represents the duration of a 
single cycle at the corresponding heart rate. 
The timing of the first, second, rapid-filling 
gallop, and atrial gallop sounds is indicated 
by the appropriate straight line. The time of 
occurrence of the atrial gallop depends upon 
the timing of the P wave and therefore will 
vary with the P-R interval. The point of in- 
tersection of the time lines representing the 
rapid-filling and atrial gallops is the point 
of precise or complete summation. The 
ordinate or horizontal level of this point 
gives the cycle duration or the cardiac rate 
at which summation occurs. The graph illus- 
trates the dependence of the summation car- 
diae rate upon the P-R interval. 

The summation rates for various P-R in- 
tervals, determined from the graph, are 
listed in table 1. At a P-R interval of 0.18 
second the summation rate is 109 and is 
identical with that obtained from equation 3. 


next. Cycle duration in seconds is represented on 
the vertical axis (ordinate) and appears on the right; 
the corresponding minute heart rate appears on the 
left. Distanee along the horizontal axis (abscissa) 
represents time elapsed from the first heart sound 
that begins the cycle. The constant relation between 
the second heart sound and the rapid-filling gallop is 
represented by respective parallel lines 0.15 second 
apart. The constant relation between the P wave and 
the atrial gallop results in a constant interval from 
the atrial gallop to the ensuing first heart sound for 
a given P-R interval. The lines representing the time 
of atrial gallop for a given P-R interval and the 
ensuing first heart sound are parallel and the distance 
between them is PR — (PaG) + (Q-1) = PR — 0.14 
+ 0.07 = PR— 0.07 (in seconds). The intersection 
of the 2 time lines representing the 2 gallops is the 
point of precise summation. The ordinate of this 
point is the summation rate (left of figure) or the 
summation eyele length (right of figure). 
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TABLE 1.—Summation Rate as a Function of the 
P-R Interval 


Summation rate, beats per minute, 


calculated from 
P-R interval sliniaipanin eae 








(sec.) Equation 3 Graph ( fig. 7) 
0.14 118 120 
0.16 1138 114 
0.18 109 109 
0.20 105 104 
0.22 102 100 


This precise agreement reflects the substitu- 
tion in equation 1 of 0.29 second for S, the 
duration of auscultatory systole at a minute 
heart rate of 109. The graph of figure 7 
takes account of the slight variation of sys- 
tole with heart rate, and is more accurate 
to this degree than is equation 2 or 3. Never- 
theless, in the range of normal P-R intervals 
the error of equation 3 resulting from the 
substitution of a constant value for S is less 
than 2 per cent. 

These calculations may be extended to in- 
clude the augmented ventricular gallop and 
the augmented atrial gallop. When ventricu- 
lar gallop alone is present, cardiac accelera- 
tion can superimpose this gallop on the time 
when atrial gallop would occur (i.e., 0.14 
second after the onset of the P wave). The 
ventricular gallop is then augmented, as evi- 
deneed. by the marked increase in sound in- 
tensity and often by the magnitude of the 
ventricular bulge. The same is true for an 
existing atrial gallop superimposed upon the 
appropriate portion of the rapid-filling pe- 
riod (i.e., 0.15 second after the onset of the 
second heart sound). Therefore, equations 2 
and 3 and the graph are valid for the 2 
types of augmented gallop as well as for the 
true summation gallop. 

The fortuitous timing of a premature atrial 
contraction can momentarily superimpose the 
phase of atrial contraction upon the period 
of rapid-ventricular filling and thereby pro- 
duce the summation phenomenon. When both 
ventricular and atrial gallops are present, and 
the premature P wave begins 0.14 second 
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before the ventricular gallop, the 2 gallops 
are superimposed to produce a summation 
gallop. If only a ventricular gallop were 
originally present, the same premature atrial 
contraction will momentarily augment the ex- 
isting ventricular gallop. For the abbreviated 
cycle which is ended by the premature atrial 
contraction equation 2 is valid and expresses 
the duration of the shortened cycle in terms 
of the P-R interval of the premature atrial 
systole, only if the summation phenomenon 
has occurred. Conversely, if the values for 
the P-R interval of the premature atrial sys- 
tole and the length of the abbreviated cycle 
satisfy equation 2, then summation certainly 
has oceurred. Reexamination of figure 6 
provides a visual aid in understanding sum- 
mation due to a premature atrial contrac- 
tion. One must now imagine that the P wave 
and the QRS complex shown are those of the 
premature atrial contraction, which has en- 
croached upon the normal diastolic period 
to produce summation. 

Clinical Significance. The true summation 
gallop and the augmented gallops occur when 
the heart rate is sufficiently fast. The signifi- 
cance of the true summation gallop is that 
of its 2 components. The significance of the 
augmented gallop is that of the single gallop 
identified when the heart rate is slower. 
Summation and augmentation only reflect the 
more rapid heart rate. 


SUMMARY 


Adequate cardiac acceleration will super- 
impose the phase of atrial contraction upon 
the period of rapid ventricular filling. The 
superposition of these 2 periods is called the 
summation phenomenon. The cardiac rate at 
which precise summation occurs and its corre- 
sponding cycle length are termed the sum- 
mation rate and the summation cycle length, 
respectively. 

Both the ventricular gallop and the atrial 
gallop may be present in each cardiac cyele, 
producing a quadruple rhythm. When ear- 
diae acceleration is sufficient to produce the 
summation phenomenon, the 2 gallops are 
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uperimposed to produce the true summation 
rallop. 

When a ventricular or an atrial gallop 
ilone is present the summation phenomenon 
will augment the intensity of the existing 
vallop. It is then called augmented ventricu- 
lar gallop or augmented atrial gallop, re- 
spectively. 

A single, loud gallop present during tachy- 
cardia may be either an augmented gallop 
or a true summation gallop. The distinction 
can be made only when the heart rate is 
slowed, at which time the true summation 
gallop will change to a quadruple rhythm 
while the augmented gallop remains a single 
sound of reduced intensity. 

Examples of quadruple rhythm, summation 
gallop, and augmented gallop are shown. 

Two equations were derived that express 
the summation cycle length or the summation 
rate, respectively, as a function of the P-R 
interval. A graphic representation of this 
relation was also constructed. Of the critical 


time intervals the P-R interval is the only 
random variable affecting the summation 
rate, and its range is the largest. 


The equation for the summation cycle 
length is also valid when the summation is 
produced by a premature atrial contraction. 
The cyele in which summation occurs is the 
shortened cycle, prematurely ended. The 
duration of such a summation cycle is a fune- 
tion of the P-R interval of the premature 
atrial contraction, as expressed by the equa- 
tion derived for the more usual case of sum- 
mation resulting from cardiac acceleration. 


SuMMARIO IN INTERLINGUA 


Adequate acceleration cardiac impone le 
phase de contraction atrial super le periodo 
de rapide replenation ventricular. Le super- 
imposition de iste duo periodos es appellate 
le phenomeno de summation. Le frequentia 
cardiac al qual un summation precise oceurre 
e le correspondente longor de cyclo es de- 
signate, respectivemente, como le frequentia 
de summation e le longor de eyclo de sum- 
mation. 
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Tanto le galopo ventricular como etiam le 
galopo atrial pote esser presente in un cyclo 
cardiac individual, con le resultante produc- 
tion de un rhythmo quadruple. Quando le 
acceleration cardiac es sufficientemente in- 
tense pro producer le phenomeno de sum- 
mation, le duo galopos es superimponite le 
un al altere con le resultante production del 
ver galopo de summation. 

Quando un galopo ventricular sol o un 
galopo atrial sol es presente, le phenomeno 
de summation augmenta le intensitate del 
galopo existente. Alora illo es appellate un 
augmentate galopo ventricular 0, respective- 
mente, un augmentate galopo atrial. 

Un sol e forte galopo que es presente dur- 
ante tachycardia pote esser (1) un galopo 
augmentate o (2) un ver galopo de summa- 
tion. Le distinction inter le duo pote esser 
facite solmente post retardar le frequentia 
cardiac, quando le ver galopo de summation 
se transforma in un rhythmo quadruple, 
durante que le galopo augmentate remane un 
sol sono de intensitate reducite. 

Es presentate exemplos de rhythmo quad- 
ruple, de galopo de summation, e de galopo 
augmentate. 

Esseva derivate duo equationes que ex- 
prime, respectivemente, le longor de cyclo de 
summation e le frequentia de summation 
como functiones del intervallo P-R. Un re- 
presentation graphic de iste relation esseva 
etiam construite. Inter le critic intervallos 
de tempore, le intervallo P-R es le sol varia- 
bile de hasardo que affice le frequentia de 
summation, e su gamma de valores possibile 
es le plus extense. 

Le equation pro le longor de cyclo de sum- 
mation remane valide quando le summation 
es producite per un prematur contraction 
atrial. Le cyclo in que le summation occurre 
es le cyclo abbreviate con termination pre- 
matur. Le duration de un tal cyclo de summa- 
tion es un function del intervallo P-R del 
contraction atrial prematur, exprimite per le 
equation que es derivate pro le caso plus 
usual de summation resultante ab acceleration 
cardiac. 
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Thou, wondrous Harvey, whose Immortal Fame, 

By thee instructed, grateful Schools proclaim, 

Thou, Albion’s Pride, didst first the winding Way, 

And cireling Life’s dark Labyrinth display. 

Attentive from the Heart thou didst pursue 

The starting Flood, and keep it still in view, 

Till thou with Rapture saw’st the Channels bring 

The Purple Currents back, and from the Vital Ring 
Sir RicHarp BLacKmoreE, Creation. A Philosophical Poem Demonstrating the Existence 
and Providence of a God. In Seven Books. 8vo. London, 1712. [Blackmore, who went 
from schoolmaster to physician in ordinary to William III (“His pupils grew blockheads 
and his patients died.”) was violently attacked by Pope, Dryden and Swift, but nothing 
gagged his muse, and the equally intemperate praise lavished on the “Creation” by Dr. 
Johnson, Addison and Dennis seemed to justify him.] 





Effect of Intravenous Heparin on Human Blood Viscosity 


By Aristiwes Gousios, M.D., anp Martin A. SHEaARN, M.D. 


In view of conflicting reports, the effect of intravenously administered heparin on the 
viscosity of the blood of normal subjects was evaluated. A simple, in vivo technic based 


on Poiseuille’s law was used in 18 subjects. 


OME investigators'? have noted a de- 
crease in the viscosity of human blood 
following the administration of heparin; 
whereas, others* have observed no such 
change. This discrepancy may be related in 
part to the methods employed; they entail 
removal of the blood from the body, and this 
in itself may lead to alteration of viscosity. 
In the present study, the effect of heparin 
on the viscosity of blood was evaluated in 
vivo by a technic* that does not alter this 
property. 
METHOD 


The method of determining blood viscosity em- 
ployed in the present study is based on Poiseuille’s 
law that during laminar flow of a homogeneous 
fluid in a tube of constant diameter, the frictional 
loss bears a linear relationship to the volumetric 
rate of flow and is independent of the vessel wall. 
According to Green,® blood behaves as a continu- 
ous rather than a plastic fluid in vessels greater 
than 0.4 mm. in diameter. In addition the blood 
flow in such vessels is laminar® unless the Reynolds 
number exceeds the critical value of 970 + 80 
which is considerably higher than the value ov- 
tained in the experimental circumstances of the 
present study. The viscosity may be determined 
by passing the blood through a needle of known 
length and radius while measuring both the rate 
of flow and the difference between the pressures 
at the ends of the needle. 

The viscosity can then be calculated according 
to the formula 


ae: a} 

qd 8L 
where 7 = viscosity in Gm. second per em.?, f = 
frictional loss of energy as em.? per gram, q = 
volumetric rate of flow as em.? per second, r = 
radius, L = length of needle. 

In this formula, since the venous pressure times 


the density of the fluid in the manometer repre- 


7= 


From the Kaiser Foundation Hospital, Oakland, 
Calif. 


sents the frictional loss of energy during blood 
flow in em.” per gram, and since the density con- 
version factor of saline is 1, venous pressure in 
centimeters may be substituted for f. If the sec- 
ond half of the equation is multiplied by the factor 
980, grams second per cm.” is converted to dyne 
second per em.? or poises; if the result is multi- 
plied by 100, the viscosity is expressed in centi- 
poises, the usual unit of viscosity. 

The needles used throughout the study were 
specially constructed* to have a uniform bore of 
0.80 mm. diameter and a length of 70.0 mm. These 
specifications were chosen in order to satisfy 
amply both the critical 0.4 mm. diameter and the 
suggestion of Green® that the length of the tube 
should be at least 20 times its diameter in order 
to minimize pressure losses that develop as a con- 
sequence of the branching system. The needles, 
recalibrated by determining the flow rate through 
them of distilled water at 20 C. from a known 
pressure head, were found to be identical. 

The technic, which is essentially like that de- 
seribed by Pirofsky* with slight modifications, was 
standardized as follows. A blood pressure cuff 
was applied about 6 em. above the elbow of the 
subject and inflated to between 20 and 22 mm. Hg. 
This allowed for a venous pressure of approxi- 
mately 270 to 300 mm. of saline solution, thus in- 
suring an adequate flow rate. The pressure cuff 
did not influence blood viscosity, as proved by re- 
peated measurements on the same subject with and 
without the cuff. This suggests a linear relation- 
ship between pressure and flow rate at least within 
the narrow pressure range herein studied, which 
is in keeping with the observations of Bayliss.‘ 
A vein of adequate size within the antecubital area 
was selected and the site was infiltrated with 2 per 
cent procaine to avert discomfort and restlessness 
of the subject during the procedure. The eali- 
brated needle was inserted with the bevel upward, 
and the venous pressure was determined by means 
of a saline solution manometer with a 3-way stop- 
cock. When the venous pressure was stable, the 
stopeock and manometer were removed, and the 





*Courtesy of Becton, Dickinson and Company, Ruth- 
erford, N. J. 
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TABLE 1.—Viscosity in Centipoises Before and Afte) 
Intravenous Heparin 





Viscosity 15 < 
min. following § 
= 


Patient 


80 mg. heparin 





> | 
= 


3.33 3.17 
3.24 3.28 3.18 
3.19 3.18 
3.19 2.96 
3.28 3.32 3.13 
3.48 3.20 
79 
73 
2 
3.18 
3.18 
3.17 
2.31 


2.25 


blood flowing freely through the needle was col- 
lected directly into a calibrated tube for a period 
of 30 seconds, timed by a stop-watch. The venous 
pressure was then immediately rechecked. It was 
almost always found to be unchanged; if a varia- 
tion of 3 mm. of saline solution had occurred, the 
sample was discarded. Replicate samples, usually 
3, were collected in this manner from each subject 
and the viscosity of each sample was determined 
by substituting in the formula milliliters of blood 
per second for gq and the venous pressure for f. 
The residual standard deviation as determined 
by a two-way analysis of variance on the data of 
tables 1 and 2 was 0.065 centipoise yielding a co- 
efficient of variation of 2.2 per cent. In terms of 
least significant difference a deviation of 0.135 
centipoise between determinations based on the 
mean of 3 measurements before and 3 measure- 
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ments after heparin is significant at the 1 per cent 
level of significance. More than 200 separate de- 
terminations have now been carried out by this 
method, which we found simple and easily repro- 
ducible. 

Eighteen experiments were performed on 15 
subjects in the fasting state, 1 subject (B.D.) 
being studied on 4 occasions. In no subject was 
there a clinically evident abnormality of blood 
coagulation or of lipid metabolism. After repli- 
cate determinations of blood viscosity had been 
performed on each subject, 80 mg. of heparin were 
injected intravenously. In 10 instances the vis- 
cosity was again determined at the expiration of 
15 minutes, and in 8 instances at the expiration of 
45 minutes. In each experiment, the hematocrit 
level was determined by the Wintrobe method; in 
no instance was there variation greater than 1 per 
cent. The clotting time of the blood before and 
after the administration of heparin was deter- 
mined by the method of Lee and White to test the 
potency of the batch of heparin employed. 

RESULTS 

Results are recorded in tables 1 and 2. 
The greatest individual decrease of viscosity 
following heparin administration was 0.22 
centipoise; the greatest increase was 0.20 
centipoise. The mean change in viscosity 15 
minutes after heparin administration was 
-0.04 centipoise; 45 minutes after heparin 
administration the mean change was —0.05 
centipoise. This small decrease represents a 
change of only 1.6 per cent. Although this is 
significant statistically, it would appear to 
have no importance from either a clinical or 
physiologic standpoint. For comparison, the 


change in viscosity that occurs with a 1 per 


cent alteration in hematocrit in normal sub- 
jects is of greater magnitude? than the mean 
change recorded in the subjects of the present 
study after heparin. 


Discussion 
Viscosity is that property of a fluid which 
results in resistance to flow; it is related to 
the internal frictional characteristics of the 
fluid. The measurement of blood viscosity is 
an important factor in any hemodynamic 
consideration. Clinically, it derives special! 
interest from the relationship of this property 

to intravascular thrombosis. 
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‘ABLE 2.—Viscosity in Centipoises Before and After 
Intravenous Heparin 











Visecsity 45 
min. following 
80 mg. heparin 


Patient 





2.32 
2.26 
2.28 
3.85 
3.81 
3.81 
3.54 
3.67 
3.54 


3.44 
3.44 
3.32 
3.66 
3.80 
3.80 
3.22 
3.13 
3.10 
2.43 
2.35 
2.33 
3.32 
3.32 3.32 





The viscosity of blood depends to a large 
degree upon the size and concentration of 
the particles in suspension, principally the 
red blood cells. The many factors that in- 
fluence it have been summarized by Pirofsky ;4 
among them are the concentration of pro- 
teins, temperature, degree of sedimentation, 
and carbon dioxide content. 

During the process of coagulation, the 
viscosity of blood increases.’ Under these 
circumstances, heparin, by virtue of its anti- 
coagulant properties, would be expected to 
decrease blood viscosity to its previous level. 
The very small decrease in viscosity noted in 
the present study may well have been an ef- 
fect of anticoagulation rather than a real 
effect of heparin on viscosity. 

Viscosity may increase in hyperlipemic 
states ;® heparin might therefore be expected 


to reduce viscosity, since it participates in 
the clearing of chylomicrons from serum.!? 
All of the subjects here studied were fasting 
and none had hyperlipemia; hence no ap- 
preciable effect of heparin on their lipid 
levels could be expected. 

Removal of the blood from the body may 
result in cooling, sedimentation, clotting— 
factors that in themselves alter viscosity. 
These major disadvantages of viscosity de- 
terminations by means of in vitro viscometers 
are obviated by the use of the simple in vivo 
technic here employed. The method requires 
no expensive equipment and its reproducibil- 
ity compares favorably with that of other 
methods. 

SUMMARY 

The effect of heparin on the viscosity of 
blood was studied by means of a simple, re- 
producible, in vivo method based on Poiseu- 
ille’s law. The data indicate that heparin 
causes a fall of very small magnitude of the 
viscosity of human blood, which is probably 
of no clinical or physiologic importance. 


SuMMARIO IN INTERLINGUA 

Le effecto de heparina super le viscositate 
del sanguine esseva studiate in vivo per medio 
de un simple e reproducibile methodo que 
es basate super le lege de Poiseuille. Le datos 
indica que heparina causa un reduction del 
viscositate del sanguine human sed que iste 
reduction es si micre que illo ha probabile- 
mente nulle signification clinic o physiologic. 
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The various organs, the diseases of which are subdivided for treatment, are not 
isolated, but complex parts of a complex whole, and every day’s experience brings 
home the truth of the saying, ‘When one member suffers all the members suffer with it.’ 
Plato must have discussed this very question with his bright friends in the profession— 
Eryximachus, perhaps—or he never could have put the following words in the mouth 
of Socrates :— 

‘I dare say that you may have heard eminent physicians say to a patient 


who comes to them with bad eyes, that they cannot cure the eyes by themselves, 
but that if his eyes are to be cured, his head must be treated: and then again 
they say that to think of curing the head alone and not the rest of the body 
also, is the height of folly. And arguing in this way they apply their methods 
to the whole body, and try to treat and heal the whole and the part together. 
Did you ever observe that this is what they say?/—Wi.LiIAmM Oster, M.D. 
Remarks on Specialism. Boston Med. & Surg. Journal, 1892. 





Electrocardiographic Studies in Pulmonary Disease 


I. Electrocardiographic Abnormalities in Diffuse Lung Disease 


By Daviw H. Spopick, M.D. 


Electrocardiograms of 79 consecutively admitted patients with diffuse lung diseases were 
analyzed. The frontal plane P-wave axis and the P-wave configuration in limb and pre- 
cordial leads emerged as the common denominator for the large majority of the group. 
Other abnormalities were common but not so characteristic. 


N MANY respects the lungs and _ heart 

comprise a functional unit with interrela- 
ions such that disease of one may often 
ffect the other. The electrocardiogram bears 

unique relationship to this situation, not 
nly because it reflects certain aspects of 
ardiae function but also because much of 
he cardiac potential must traverse lung tis- 
sue to reach the recording electrodes. 

The observations in these studies suggest 
. marked, and relatively specific, effect of 
diffuse lung disease upon both normal and 
abnormal electrocardiograms. . 


MATERIAL AND METHODS 

Electrocardiograms were analyzed in 79 con- 
secutive hospital admissions (ages 32 to 84) for 
diffuse lung disease. Almost all of these patients 
had emphysema, in the majority associated with 
chronie bronchitis, bronchiectasis, or pulmonary 
fibrosis. This investigation revealed certain com- 
mon characteristies in highly significant percent- 
ages of these tracings. Many of the results resem- 
bled the findings of Zuckermann! and of Sodi- 
Pallares,? but differed in detail. 

Conventions adopted for this report are as 
follows: 1. The standard hexaxial modification of 
the Bayley reference system is used for plotting 
the derived frontal plane axes. 2. The designation 
“A” denotes mean manifest axis, eg, A P = 
+90° or A QRS = +90° respectively indicate 
frontal mean P wave or QRS axis perpendicular 
to lead I and equally positive in leads IT and ITI. 


RESULTS 


The following elements of the electrocar- 
diogram were most influenced by the presence 


From the Cardiographie Laboratory of the Medical 
Services, Lemuel Shattuck Hospital and the Depart- 
ment of Medicine, Tufts University School of Medi- 
cine, Boston, Mass. 


of diffuse lung disease: mean frontal P-wave 
Axis (A P), P-wave configuration in frontal- 
plane leads; P-wave configuration in right 
precordial leads, mean frontal QRS Axis 
(A QRS). ST-T complex abnormalities were 
noted in the over-all electrocardiographic 
evaluation but were excluded from study in 
relation to lung disease because of the use 
of digitalis in some patients. 


Mcan Frontal A P 


In most normal adults, the mean manifest 
frontal P axis is generally considered to vary 
within a narrow zone, +45° to +64°.1° The 
most constant finding in patients with dif- 
fuse lung disease is the relatively rightward 
(vertical) tendency of this vector. Table 1 
indicates its orientation in 71 consecutive 
cases with sinus rhythm.* The overwhelming 
majority (83 per cent ) were clearly vertical. 

Because only 12 instances (17 per cent) 
were to the left of +70°, these cases were 
further analyzed to determine whether there 
were common factors causing them to differ 
from the majority. Pulmonary lesions in these 
patients were quite typical of the entire 
series. Seven cases with A P = 60° (i.e., 
P wave flat or diphasic in aV;,) were con- 
sidered intermediate or ‘‘borderline.’’ Five 
of these had marked verticality of the QRS 
axis although 4 had conditions associated 
with left heart strain. Similarly, of the 5 
eases with ‘‘leftward’’ P axes (+50° — 
+30°), 4 had systemic hypertension, yet 3 
had QRS axes of +70° to +90°. 





*There were 3 cases each of atrial fibrillation and 
atrioventricular nodal rhythm, and 2 with flat P 
waves in the limb leads, in the total 79. 
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Fig. 1. P-wave configuration in limb leads of pa- 
tients with lung disease. A, P pulmonale; B, Gothic 
P wave; C, cupola (normal appearing) P wave. 


P-Wave Configuration in Frontal Plane Leads 

Three types of P-wave configuration were 
present: 1. Classical P-pulmonale of Winter- 
nitz* (fig. 14). 2. ‘‘Gothic’’ P of Zuckerman! 
—definite single peaking of a P of normal 
dimensions in leads II, III, and aV;y (fig. 
1B). 3. Normal-appearing, cupola-shaped P 
wave (fig. 1C). P-pulmonale and Gothic type 
P waves occurred only with A P = +70° 
or greater. Cupola P waves were found with 
any axis. The occurrence of these P types is 
listed in table 2, from which it is evident 
that over half of all cases (55 per cent) had 
either P pulmonale or Gothic P waves. Of 
the 59 cases with A P = +70° to +90°, 30 
(51 per cent) had Gothic P waves and 39 
(66 per cent) had either Gothic or pul- 
monale P types. 


P-Wave Configuration in Right Precordial 
Leads 
Of 73 cases in sinus rhythm,* 37 (51 per 
cent) showed diphasic (+ —) P waves in at 
least V; and Vs, and in some as far as V4 
(fig. 2). Twenty-nine (78 per cent) of these 
were associated with A P = +70° to +90°. 


Mean Frontal A QRS 


While the most consistent effect of lung 
disease was on the atrial complexes, verticality 





*The 2 cases with flat P waves in the limb leads had 


clear precordial P waves. 












SPODICK 


TABLE 1.—Orientation of Frontal A P in Seventy-One 
Patients with Diffuse Lung Disease 






AP 





No. of cases % 

+90° to +70° 59 3 

+60° 7 10 
+50° to +30° 5 











TABLE 2.—P-Wave Configuration in Seventy-One 
Cases of Diffuse Lung Disease with Sinus Rhythm 
and Measurable Frontal P Waves 


% of 71 





P type A P=+70° to + 90° A P=+60° to +30° canes 
Pulmonale 9 0 13 
Gothie 30 0 42 
Cupola 20 12 45 
Totals 59 13 100 


TABLE 3.—Orientation of A QRS in Seventy-Nine 
Patients with Diffuse Lung Disease 


A QRS Number of cases 





Per cent 
+120° to +70° 35 44 
+ 70° to +30° 22 28 
+ 20°to -60°* 12 15 
-80° to —90° 7 9 
Indeterminate 3 4 
Totals 79 100 
*There were no eases with A QRS = -70°. 


of frontal A QRS was seen in about one 
half of these patients (table 3). Almost one 
half (44 per cent) of the patients had an 
unmistakable vertical A QRS (+70° or 
more), which is quite uncommon for these 
age groups. This figure is more impressive 
if to it is added those with A QRS = —80° 
to —90° and those with ‘‘indeterminate’’ 
frontal A QRS, the total thus becoming 57 
per cent. These groups represent a special 
situation, which may be designated the ‘‘axis- 
illusion’’ phenomenon. 

Axis-Illusion Phenomenon of A QRS. Litt- 
mann® has pointed out that if the apical por- 
tion of the heart is rotated posteriorly (in 
an electrical sense), its are would eventually 
carry it above the ‘‘horizon’’ as viewed ante- 
riorly. An axis of —80° or —90° is quite 


unusual in the absence of infarction of the 
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Fig. 2. P-wave configuration in precordial leads of patients with lung disease. Clearly 
diphasie (+ —) P waves are seen at least to Ve and as far as Vi (B). A, with P pulmonale; 
B, with gothic P wave; C, with cupola P wave and ‘‘horizontal’’ QRS axis; D, with cupola 
P wave and ‘‘intermediate’’ QRS axis. 


diaphragmatic aspect of the left ventricle. 
It was interesting to find 7 such axes in the 
lung disease group. None of these patients 
had evidence or history suggesting myocar- 
dial infarction and none had known left ven- 
tricular disease. Six of them had deep S 
waves in all precordial leads and the seventh 
had ineomplete right bundle-branch block 
with rSr’ in V, and rS in aV,y. The 2 desig- 
nated ‘‘indeterminate frontal A QRS’’ were 
so labeled because R was equal to q + S in 
all extremity leads: both of these had deep 
S waves from V, to V¢. Thus, in all 9 cases 
A QRS was directed quite posteriorly. If 
this situation is visualized in the sagittal 
plane, it is clear to see why a —80° or —90° 
axis or an indeterminate frontal (i.e., di- 


rectly posterior) axis may not be very differ- 
ent from an axis of +80° or +90°. Figure 3 
demonstrates that the frontal projection of 
a posteriorly directed A QRS may be either 
+90° or —90° due to very small differences 
in its sagittal plane angle. The large frontal 
plane discrepancy (180°) is thus an illusion 
due to small deviations from the sagittal ‘‘hori- 
zon’’ of mean vectors which are actually 
quite close to each other in space. 


Horizontal Axes 


The 12 cases of diffuse lung disease with a 
relatively leftward QRS axis (+20° to —60°) 
formed 15 per cent of the group. These were 
analyzed in the same manner as those with a 
relatively leftward P axis. Of 9 of these 





aVF ovF 
(Frontal Plone) (Left Sagittal Plane) 

Fic. 3. The axis-illusion phenomenon. A and B are 
frontal mean QRS axes of —90° and +90° respec- 
tively, suggesting a 180° divergence. Their sagittal 
projections reveal that this is illusory, since they are 
actually much closer in space. 


cases with measurable P vectors,* 5 had A P = 
+90° and there were 1 each with A P of 
+70° and +80°. Furthermore, half of these 
patients had evidence of left-sided heart dis- 
ease. One of the others had a congenital chest 
deformity. As with the P vector, most cases 
with leftward deviation of A QRS ean be 
accounted for by disease of the left side of 


the heart and systemic circulation. Despite 
this, the majority of these continue to show 
a vertically oriented A P. 


Precordial QRS Configuration 


The tendency to posterior orientation of A 
QRS was well shown in the precordial leads. 
In 51 cases (65 per cent )there was an § 
wave of 2 mm. or more to position V; or Vz 
(to Vg in all but 2). In many, rS or RS 
complexes occurred in all precordial leads. 
The presence or absence of this configuration 
had a close relation to the orientation of 
frontal A QRS and A P. This is shown in 
table 4, from which it is clear that there was 
a high degree of correlation with verticality of 
frontal A QRS, 38 cases (75 per cent) hav- 
ing an axis of over +70°, —80° to —90°, 
or ‘‘indeterminate.’’ More remarkable was 
the striking correlation with the frontal P 
axis: of 46 cases with measurable frontal A 
P, 41 (89 per cent) had A P of +70° 
to +90°. 

*Three cases were not measurable because of atrial 
fibrillation, nodal rhythm, and flattened P waves. 


SPODICK 


TABLE 4,—Relation of Precordial QRS Configuratio: 


S to Vs or Ve S absent or under 
2mm. or more 2 mm., to Vs and V 


+70° to +120° 6 
+30° to+ 60° 

+20° to -60° 

—80° to —90° 

Indeterminate 
Totals 

<a 
+70° to +90 
+60° 

+30° to +50° 
Totals ~46* 25 


‘The other 5 patients had nodal rhythm or atrial 
fibrillation. 

{The other 3 patients had flat P waves (2) and 
nodal rhythm (1). 


Additional Observations 

Thirty-six tracings were entirely within 
normal limits by standard criteria, excepting 
for P or QRS axes and configurations con- 
sistent with lung disease. There were but 7 
eases of unequivocal right ventricular hyper- 
trophy (Goldberger’s criteria®). Of 8 cases 
with the electrocardiographic diagnosis of 
left ventricular hypertrophy, each had left- 
ward deviation of either A P or A QRS, 
despite which 3 had A P = +80° or +90° 
and 2 others had A QRS = +70° and +90° 
respectively. Of 5 patients with incomplete 
right bundle-branch block (rSr’ in V,) and 
2 with complete right bundle-branch block, 
6 had A P = +80° or + 90° and 1 had atrial 
fibrillation. A single patient had left bundle- 
branch block (but with an A P of +90°). 
Twenty-seven patients had a depression of 
the P-R interval in II, III, and aV;y consist- 
ent with atrial T wave: 14 of these had Gothic 
and 4 others pulmonale-type P waves. 


DiIscussION 
Verticalization of the QRS axis by lung 
disease has long been appreciated. Zucker- 
mann! and Sodi-Pallares? first called atten- 
tion to the rightward tendency of the P 
vector. The present study emphasizes that P 
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‘rticality is the predominant and single en- 
rely distinctive finding. Only 44 per cent 
‘ the patients had A QRS to the right of 
60° ; addition of the ‘‘axis illusion’’ groups 
iises this to just over one half (57 per cent). 
‘'y contrast, the frontal P axis was +70° or 
ore in fully 83 per cent, making this find- 
ig far more characteristic. 

The specificity of P verticality relative to 
ther conditions associated with right heart 
train is suggested by comparison with the find- 
ugs in patients with mitral stenosis and atrial 
eptal defect. Electrocardiograms in 106 
ases of mitral stenosis were reviewed ; 40 of 
hese were in sinus rhythm. The data on 90 
vatients with atrial septal defect in sinus 
hythm reported by Toscano-Barboza and 
olleagues' were converted to percentages. 
hese groups are compared with the patients 
vith lung disease in table 5. The enormous 
preponderance of vertical A P in the lung 
disease group is well shown. It is of interest 
that of the 6 mitral patients who had vertical 
\ P, 3 had extensive pulmonary disease. Fur- 
thermore, 5 of the 6 had distinctive mitral 
|? waves. 

SUMMARY 

The results of this study indicate that the 
following statements may be made with re- 
vard to the electrocardiogram in patients with 
diffuse lung disease: 1. The chief single elec- 
trocardiographie finding in diffuse lung dis- 
ease is verticalization of the mean frontal P 
axis. An axis of +70° to +90° is most char- 
acteristic. 2. A frontal A P of +50° or less 
in such patients is almost always associated 
with additional disease causing left-sided 
heart strain (i.e., arteriosclerotic or hyper- 
tensive heart disease). 3. Frontal A P = 
+60° is a borderline finding in these patients. 
4. Distinct single-peaking (either ‘‘Gothic”’ 
or ‘‘pulmonale’’) of frontal plane P waves is 
a characteristic occurrence but may be absent. 
5. Diphasie (+—) P waves in several right 
precordial leads occur in about one half of 
the cases and are more likely to be present 
when frontal P waves are of Gothie or pul- 
monale types. 6. A vertical frontal QRS axis 


TABLE 5.—Comparison of Mean Frontal P Axis 
(AP) in Seventy-one Patients with Lung Disease, 
Forty with Mitral Stenosis and Ninety with Atrial 
Septal Defect 


A P (per cent) 


+90° to +50° to +20° to 
+ 70° +60° +30° —10° 








Lung 

disease 83 
Mitral 

stenosis 15 
Atrial 

septal 

defect 


occurs in almost 60 per cent of cases if those 
cases displaying the axis-illusion phenomenon 
are added to those with A QRS = +70° or 
more. 7. Leftward A QRS (+20° to —60°) 
in these patients, like ‘‘leftward’’ A P, is 
almost always associated with demonstrable 
conditions causing left heart strain. 8. Deep 
S waves over the left precordium (i.e., pos- 
terior spatial QRS orientation) oceur in the 
majority of patients and correlate well with 
vertical A QRS (75 per cent), but much 
better with vertical A P (89 per cent). 

It is clear that the P wave is the key to 
the electrocardiographic inference of diffuse 
lung disease. Rightward mean frontal P axis 
is its most constant single characteristic. 
Other factors occur in most cases and may be 
considered ‘‘typical’’ but are frequently ab- 
sent. Among these are Gothic and pulmonale- 
type P waves, vertical A QRS, deep S waves 
over the left precordium, and prominent 
diphasic P waves over the right precordium. 
Absence of rightward frontal A P is strongly 
against the presence of diffuse lung disease. 
Absence of any other single factor is of little 
statistical value in itself. 
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SUMMARIO IN INTERLINGUA 


Le resultatos de iste studio indica que 
le sequente assertiones pote esser facite con 
respecto al electrocardiogramma de patientes 





1072 


con diffuse morbo pulmonar: (1) Le prin- 
cipal constatation electrocardiographic — in- 
dividual in diffuse morbo pulmonar es ver- 
ticalisation del axe P frontal medie. Un axe 
de inter +70 e +90 grados es multo charac- 
teristic. (2) Un A P frontal de +50 grados 
© minus in tal patientes es quasi semper 
associate con un morbo additional que es re- 
sponsabile pro le imposition de un effortio 
super le corde sinistre (i.e. morbo cardiac 
arteriosclerotic o hypertensive). (3) Un A 
P frontal de +60 grados es un constatation 
limite in iste patients. (4) Distinecte culmines 
singular del typo gothic o pulmonal in le 
undas P del plano frontal es un occurrentia 
characteristic, sed illo pote esser absente. (5) 
Undas P diphasie (+ —) in plure derivationes 
dextero-precordial occurre in circa un medie- 
tate del casos e es plus probabile quando le 
undas P frontal es del typo gothie o pul- 
monal. (6) Un vertical axe QRS frontal oe- 
curre in circa 60 pro cento del casos si le 
casos con le phenomeno del axe illusori es 
addite al casos con A QRS de +70 grados o 
plus. (7) Un A QRS sinistrorse (+20 a —60 
grados) in iste patientes, precisemente como 
un A P sinistrorse, es quasi semper associate 
con le present ia demonstrabile de conditiones 
que causa le imposition de un effortio super 
le corde sinistre. (8) Profunde undas S supra 
le precordio sinistre (i.e. un orientation pos- 
terior de QRS spatial) oceurre in le majori- 
tate del patientes e exhibi un bon grado de 
correlation con vertical A QRS (75 pro cento) 
sed un correlation ancora multo melior con 
vertical A P (89 pro cento). 


SPODICK 


Il es clar que le unda P es le clave al infer- 
entia electrocardiographiec del presentia de 
diffuse morbo pulmonar. Un dextrorse axe 
P frontal medie es su plus constante charac- 
teristica individual. Altere factores occurre 
in le majoritate del casos e pote esser con- 
siderate como typic, sed il occurre frequente- 
mente que illos es absente. Istos include undas 
P del typos gothic e pulmonal, vertical A 
QRS, profunde undas S supra le precordio 
sinistre, e prominente diphasic undas P supra 
le precordio dextere. Le absentia de un dex- 
trorse A P frontal argue fortemente contra 
le presentia de diffuse. morbo pulmonar. Le 
absentia de un altere factor individual es de 
paue valor statistic per se. 
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Electrocardiographic Studies in Pulmonary Disease 


II. Establishment of Criteria for the Electrocardiographic 
Inference of Diffuse Lung Disease 


By Davin H. Sropick, M.D. 


‘riteria based on changes 1 Ss osed for the electrocardiographic i 
Criteria based on changes in P waves are proposed for the electrocardiographic detection 
of diffuse lung disease. In a “blind” evaluation of 100 consecutively admitted patients 


these proved highly accurate. 


HE results of analysis of the electrocar- 

diographic records in part I of these stud- 
ies suggested that it might be possible to infer 
the presence of diffuse lung disease from 
the electrocardiogram alone with considerable 
accuracy. It is apparent that the significance 
and applicability of such a procedure would 
be enhanced if a minimum of criteria were 
necessary. Accordingly, a deliberately simple 
basis was adopted: the axis of the frontal 
plane P waves. 

The following criteria were chosen for a 
positive or possible inference of pulmonary 
disease; all tracings lacking any of these 
were considered to be negative for this 
inference. 


Positive Diagnosis (‘‘Consistent with Diffuse 

Lung Disease’’) 

Any of the following were considered diag- 
nostic, regardless of other abnormalities on 
the tracings: 1. Presence of P pulmonale or 
unmistakable ‘‘Gothic’? P in II, III, and 
aVy. 2. Frontal A P = + 70° or more and 
+ — P waves to V2 or beyond, or, precordial 
S wave of 2 mm. or more to Vg (or both). 
3. Frontal A P = + 60° and all 3 of the 
following: Vertical or ‘‘axis illusion’’ A 
QRS, precordial S wave of 2 mm. or more 


to Vg, and prominent + — P waves to or be- 
yond Vo». 


Possible Diagnosis 
Any of the following were considered sug- 
gestive, but not conclusive evidence of pul- 


monary disease. 1. Frontal A P = + 60° 
and any 2 of the following: vertical or ‘‘axis- 
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illusion’? A QRS, precordial S wave of 2 
mm. or more to V¢, or prominent + — P 
waves to or beyond V2. 2. Frontal A P = + 
30° to + 50° and all 3 of the above. 3. Frontal 
A P = + 70° or more with frontal A QRS 


= + 70° or more. 


EVALUATION OF CRITERIA 


One hundred consecutively admitted pa- 
tients who were free of cardiac arrhythmias 
were studied. Electrocardiograms of these 
patients were analyzed without any other 
knowledge of the patient; even the patient’s 
name was omitted. Tracings were interpreted 
as: ‘‘consistent with diffuse lung disease,’’ 
‘*pnossibly consistent with diffuse lung dis- 
ease,’’ and ‘‘no evidence of diffuse lung 
disease.”” These interpretations were then 
correlated with chest x-rays, physical exam- 
ination and, in some cases, autopsy and sur- 
gical data. A positive chest x-ray or positive 
pathologic examination was considered a 
sine qua non (table 1). (The interpretation 
‘‘possibly consistent with diffuse lung dis- 
ease’’ is considered to be correct when lung 
disease was actually present.) 

From these figures it is evident that the 
criteria in themselves were highly accurate 
in this group of patients with regard to defi- 


TABLE 1.—Electrocardiographic Analysis for Evi- 
dence of Diffuse Lung Disease in 100 Consecutive 
Adult Patients 








Electrocardiographic Total In- Per cent 
interpretation patients Correct correct correct 





Consistent with diffuse 

lung disease 13 93 
Possibly consistent with 

diffuse lung disease 


No evidence of diffuse 
lung disease 








Totals 
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TABLE 2.—Analysis of Errors 











Incorrect > * Precordial 
No. diagnosis A P A QRS leads Clinical data 
A. ‘* Positive’’ +70° 0° +—P to Vs Hypertension, left ventricular 
hypertrophy, pulmonary edema 
g. ‘“Negative’’ +60° — 10° S to Ve Emphysema. Hypertension 
(180/110), left ventricular 
hypertrophy 
3. ‘“Negative’’ +60° +50° Emphysema. Hypertension 
(236/110), left ventricular 
hypertrophy 
4. **Negative’’ +60° + 30° Pulmonary adenocarcinoma, 
emphysema. Mediastinal shift 
to right 
5. ‘*Possible’’ +60° +100° — P to Vz Emphysema 
6. ‘* Possible’’ +60° Indeter- S to Ve Aberrant right colon between 
minate liver and diaphragm 
7. **Possible’’ +60° Indeter- S to Ve Left ventricular hypertrophy ; 
minate bilateral pleufal effusion 
‘*Possible’’ +80° + 80° Hypertensive heart disease 





nite diagnosis or exclusion of lung disease. 
The over-all error for the criteria per se 
was only 8 per cent (8 of 100 incorrect). 
However, this appears somewhat optimistic 
when the influence of the 10 cases in the 
‘*‘possible’’ group is taken into account. 

If only the positively diagnostic criteria 
were employed, the cases in the ‘‘possible’’ 
group would have to be shifted to the ‘‘nega- 
tive’’ group. Under these conditions 77 of a 
total of 86 cases without diffuse lung lesions 
(90 per cent) would have been correctly ex- 
cluded. However, 6 patients of a total of 22 
with diffuse lung disease would have been 
missed. If, conversely, the ‘‘possible’’ cases 
were induced with the ‘‘positive’’ group 
(which is more logical), 19 of 22 cases with 
diffuse lung disease would have been cor- 
rectly identified—a positive accuracy of 86 
per cent; only 5 patients of 78 without lung 
disease (6 per cent) would have been falsely 
labeled. 

ANALYSIS OF ERRORS 

Some light may be cast on the validity of 
these criteria by an analysis of those cases 
which were misinterpreted (table 2). 

From these data, the following facts are 
especially noteworthy: 1. Two of the 3 
‘‘false negatives’’ had hypertensive disease 
and the third had a mediastinal shift. 2. One 
(no. 7) of the 4 cases which did not have 
diffuse lung disease, but were considered 
‘‘possible,’’ had bilateral pleural effusion 








and another (no. 6) had upward displace- 
ment of the right diaphragm by an aberrant 
loop of colon. 3. Six of the 8 cases had A P = 
+ 60°, again emphasizing the conclusion 
drawn in part I of these studies—this P axis, 
in itself, is a ‘‘borderline’’ finding. 


SUMMARY 


The following statements may be made with 
regard to the criteria described for the elec- 
trocardiographic inference of diffuse lung 
disease: 1. Frontal P wave axis and configura- 
tion are effective bases for this interpretation. 
2. The criteria described appear to be highly 
accurate in positively identifying (93 per 
cent) or excluding (96 per cent) cases of 
diffuse lung disease with the exception 
of a small ‘‘possible’’ group (10 per cent 
of patients in this series) in whom the 
accuracy was only 60 per cent. Neverthe- 
less, if the ‘‘possible’’ group is included 
with the ‘‘positive’’ group, fully 86 per cent 
of cases were correctly diagnosed and only 6 
per cent of cases without lung lesions were 
falsely labeled. 3. Some of the errors of 
diagnosis were associated with the presence 
of other diseases and mechanical abnormali- 
ties of the chest. (This matched the findings 
in the atypical cases in part I of these 
studies.) 4. It is proposed that the criteria 
employed in this study are adequate for a 
new standard electrocardiographic interpreta- 
tion : ‘‘consistent with diffuse lung disease.’’ 


Hypocholesteremic Effect of Benzmalacene 


By Irvine H. Pace, M.D., anp Rouanp E. ScHNEcCKLOTH, M.D. 


A new substance, Benzmalacene, was tested to determine whether it had hypocholes- 


teremic effect in normotensive, hypertensive and hypercholesteremic patients. 


effective. 


But after 4 months’ treatment liver function began to deteriorate. 


It proved 
It is 


strongly urged that drugs which interfere with cholesterol synthesis in the body be studied 
most carefully for long periods before widespread clinical trials to prevent athero- 


sclerosis are attempted. 


NE approach to the problem of preven- 

tion of atherosclerosis is the prevention 
of hyperlipemia and, more specifically, hy- 
percholesteremia. Diet, nicotinic acid, and 
B-sitosterol have been most commonly used 
fcr this purpose, and with some success, in 
reducing hyperlipemia. Recently, attempts 
have been made to suppress the synthesis of 
cholesterol in the hope that hypercholestere- 
mia would be abolished and yet leave hor- 
monal syntheses and other metabolic functions 
of steroids undisturbed. Feeding of delta-4- 
cholestenone suppressed hepati¢ cholesterol 
syuthesis and reduced the serum cholesterol 
level, but caused marked adrenal hypertrophy 
as well.! A number of other agents have 
been tried with limited suecess and these 
have been well reviewed by Kritechevsky? and 
by Curran and Azarnoff.* 

It has been shown that probenecid inhibits 
acetate activation of coenzyme A as the latter 
is involved in glycine conjugation with p- 
aminobenzoic acid.* Recently a compound 
has been synthesized that is 10 times more 
active than probenecid in its ability to in- 
hibit renal tubular secretion of penicillin. 
Correspondingly, it is more active in inhibit- 
ing incorporation of acetate and mevalonic 
acid into the synthesis of cholesterol in vitro.® 

This substance, Benzmalacene,* is a deriva- 
tive of the monamide of maleic acid, having 


From the Research Division of the Cleveland Clinic 
Foundation, and the Frank E. Bunts Educational In- 
stitute, Cleveland, Ohio. 

*[N-(1-methyl-2,3-di-p-chlorophenylpropyl-maleamic 
acid)], kindly supplied by Dr. Karl Beyer and Dr. 
E. W. J. De Maar of Merck Sharp and Dohme, West 
Point, Pa. 
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aun aralkyl group on the nitrogen. Its struc- 
ture (fig. 1) is quite different from probene- 
cid and ecarinamide though its actions seem 
similar. It is believed to be well absorbed 
by the gastrointestinal tract in the form of 
the sodium salt. 

The work of Beyer and his associates* 
made it seem reasonable that Benzmalacene 
might be useful in reducing hypercholester- 
emia in man. Plasma cholesterol levels in 
dogs were sharply reduced by daily doses 
of 50 to 300 mg./Kg. and the production of 
hypercholesteremia in rats and chickens was 
inhibited.® 

On results we have 
studied Benzmalacene to determine its effects 
on the serum cholesterol levels in 6 women 
and 13 men. Of the 19 patients, 10 had 
severe essential hypertension and 2 presented 
the syndrome of malignant hypertension: 7 
other patients exhibited hypercholesteremia 
or hyperlipemia. All hypertensive patients 
were on free diets at home except for mod- 
erate salt restriction. Five of the 7 patients 
with abnormal serum lipid patterns had 
followed a carefully controlled diet, con- 
taining 50 to 80 Gm. of fat as vegetable oil, 
for periods ranging from 6 to 18 months; 
the remaining 2 patients (cases 16 and 17) 
had eaten freely chosen foods. 

The dose of Benzmalacene was 250 mg. 
given by mouth 2 to 4 times daily after 
meals; the average daily dose was 750 mg. 


the basis of these 


RESULTS 


Administration of Benzmalacene to Hyper- 
tensive Patients. All but 2 (cases 8 and 12) of 
the 12 hypertensive patients showed a fall 
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TABLE 1.—Change in Serum Cholesterol in Hypertensive Patients after 
Administration of Benzmalacene 








Serum cholesterol (mg. per cent) 


































Patients ae Weight change 
(case no.) cholesterol 1 month Change 2months Change 3months Change 4months Change (Ibs. ) 
1 223 165 — 58 183 -—40 159 —4 178 —45 — 1 
2 227 178 — 49 — -- 179 —48 203 —24 +7 
3 236 196 — 40 — 246 +10 + 6 
4 172 158 — 17 122 —53 _ — 131 —-41 —15 
5 266 - _- 250 —16 244 —22 11 
6 230 159 — 71 131 —99 168 —6§2 —l1 
7 337 187 —150 250 —87 308 —29 2 
8 186 187 — | 194 — 8 -10 
9 £06 132 — 74 162 44 0 
10 205 154 — 51 2 
11 306 199 —107 ~ + 1 
12 224 234 + 10 + 4 






TABLE 2.—Change in Serum Cholesterol in Hypercholesteremic Patients after 


Administration of Benzmalacene 


Serum cholesterol (mg. per cent) 























Patients jaaed We-ght change 
(ease no.) cholesterol 1 month Change 2months Change 3months Change 4months Change (Ibs. ) 

13 498 530 + 32 — _— 525 + 27 0 

14 560 374 —186 356 —204 342 —218 277 —283 -] 

15 378 361 — 17 412 + 34 394 + 16 272 —106 +7 

16 293 262 — 3l 258 — 35 197 — 96 215 - 78 —8 

17 430 481 + 51 556 +166 422 — 8 +3 

18 410 320 — 90 271 —139 +1 





19 459 421 — 38 345 —114 “3 











in serum cholesterol levels when given Benz- triglyceride fraction, a fall in the total 

















malacene for 1 month (table 1). Three pa- cholesterol to phospholipid ratio, and rise 
tients (cases 10, 11, and 12) could not in ratio of free cholesterol to total cholesterol 
tolerate the drug because of gastrointestinal were noted (table 3). Another patient (case 
side effects and it was discontinued after 1 15) had no change in serum cholesterol for 
month. Serum cholesterol was maintained 3 months; after 4 months of therapy a sharp 
lower than control levels in all but 2 of the drop in serum cholesterol was noted for the 
remaining 9 patients in whom administration first time. Associated with the decrease in 
of the drug was continued for 2 to 4 months. serum cholesterol of over 100 mg. were 
Administration of Benzmalacene to Patients changes in other lipid fractions similar to 
with Elevated Serum Cholesterol Levels. All those noted in case 14. 
of the 7 patients with abnormally elevated In 2 patients (cases 13 and 17) serum 
serum lipid levels had had stable serum cho- cholesterol levels showed little change. The 
lesterol levels for several months prior to remaining 3 patients (cases 16, 18, and 19) 
treatment. One patient (case 14) exhibited continued to maintain serum cholesterol 
a profound fall in serum cholesterol when levels lower than control values while taking 
given Benzmalacene; this decrease persisted the drug for 2 to 4 months. 
throughout the treatment period of 4 months Side Effects from Benzmalacene. Of 19 





(table 2). In addition, a marked rise in the 





patients, 3 were uncomfortable from mild 









HYPOCHOLESTEREMIC EFFECT OF BENZMALACENE 


TABLE 3.—Changes in Lipid Fractions after 
Treatment with Benzmalacene for Four Months 





Patient 


Case 14 Case 15 





After After 
Control treatment Control treatment 


Total cholesterol 

(mg. %) 560 277 : 272 
Triglycerides 228 714 é 434 
Total cholesterol/ 

phospholipid 1.54 0.69 1.07 0.77 
Free cholesterol, 

total cholesterol 0.25 0.42 0.28 0.45 


TABLE 4.—Liver Function Following 
Administration of Benzmalacene 








Serum 
alkaline Bromsulfalein 
phosphatase (% dye 
(Bodansky units) retained 45”) 
1.4 8 
1.8 3 
1.9 18 
1.8 1 
2.3 2 
1.1 7 
1.6 
3.7 


Duration of 
Patient treatment 
(case no.) (months) 


18 


’ 


2 
2 
vo 
» 
4 
+ 
4 
4 
4 
4 
4 





nausea, epigastric discomfort, and diarrhea; 
symptoms were often relieved by reduction of 
the daily dose of Benzmalacene from 1.0 Gm. 
to 0.5 Gm. Five patients were so disabled 
by gastrointestinal symptoms that adminis- 
tration of the drug was discontinued after 
1 to 2 months. Symptoms when present usu- 
ally persisted throughout the treatment 
period. Five of the hypertensive patients had 
weight loss of 11 to 15 lbs. during therapy; 
all of the 7 hypercholesteremic patients main- 
tained a constant weight while taking the 
drug. 

Liver function was measured at the end 
of the treatment period (2 to 4 months) in 
12 patients (table 4). Serum alkaline phos- 
phatase was within normal limits in all. 
Abnormal retention of bromsulfalein dye 
(more than 5 per cent after 45 minutes) was 


CH, 
-CHCHNHCO CO,H 
tHe cH 
Cl- -CH, 


Fic. 1. Struetural formula of Benzmalacene. 


noted in 8 of 12 patients and was usually 
greater in those patients with the longer 
treatment period. 


DIscussION 

The problem of the desirability of lower- 
ing blood cholesterol by preventing its syn- 
thesis is a highly complex one. The multi- 
plicity of derivatives of cholesterol necessary 
for the proper functioning of the body is now 
appreciated. Whether the level of cholesterol 
itself can be lowered without concurrently 
seriously disturbing the functional levels of 
its derivatives remains to be determined. 

Clearly Benzmalacene can lower blood cho- 
lesterol levels for long periods without 
marked changes in body weight but liver 
function as measured by dye retention slowly 
but progressively becomes disturbed. While 
slow in onset, the liver dysfunction could 
become serious, therefore after a maximum 
of 4 months the drug was discontinued. We 
were unable in this period of time to detect 
other cognate changes in the patients. 

rastric burning, pain, nausea, and diar- 
rhea occurred in some patients requiring 
discontinuance of the drug; in others, these 
symptoms were hardly noticeable. 

In 2 patients the serum lipid pattern was 
studied by Dr. Helen Brown. It was shown 
that approximately 5 months after beginning 
the drug the total cholesterol had fallen sig- 
nificantly but concurrently the triglycerides 
had risen, along with the ratio of free to 
total cholesterol. But the ratio of total cho- 
lesterol to phosphatide fell sharply. These 
changes were profound. Without further stud- 
ies we can no more than guess their signifi- 
eance. For our current purpose, the change 
underscores the capacity of drugs such as 
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Benzmalacene to alter the lipid economy of 
the body for better or for worse. 

We helieve that drugs such as this one 
should be carefully studied in animals for 
long periods and in a few select patients be- 
fore they are used in the hopes of preventir, 
atherosclerosis. 

SUMMARY 

Benzmalacene_ {N-(1-methyl-2,3-di-p-chloro- 
phenylpropyl-maleamie acid) | effectively low- 
ers blood cholesterol levels in most hyper- 
tensive patients but with some weight loss. 
Cholesterol was lowered in some hypercho- 
lesteremic patients but not in all and 
this occurred without weight loss. In 2 
hypercholesteremic patients a sharp rise in 
triglycerides occurred while the cholesterol : 
phospholipid ratio fell and the free : total cho- 
lesterol ratio rose. Liver function as meas- 
ured by bromsulfalein after 4 months’ treat- 
ment had deteriorated in 8 of the 12 patients 
studied. Nausea, epigastric discomfort, and 


diarrhea were on oceasion sufficiently discom- 
forting to require discontinuing the drug. 


Drugs that interfere with cholesterol syn- 
thesis should be studied with great eare for 
long periods before their widespread use in 
an attempt to prevent atherosclerosis. 


SuMMARIO IN INTERLINGUA 


Benzmalacena reduce efficacemente le ni- 
vellos sanguinee de cholesterol in le majori- 
tate del patientes hypertensive, sed illo effec- 
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tua un leve perdita de peso. Le nivellos de 
cholesterol esseva reducite in alicun patientes 
con hypercholesterolemia, sed non in omnes, 
e isto occurreva sin perdita de peso. In 2 
patientes con hypercholesterolemia un marcate 
augmento de triglyceridos occurreva, dur- 
ante que le proportion de cholesterol a phos- 
pholipido descendeva e le proportion de cho- 
testerol libere a cholesterol total montava. Le 
function hepatic, mesurate per bromosulfale- 
ina post 4 menses de tractamento, se mon- 
strava deteriorate in 8 ex 12 patientes studi- 
ate. Nausea, disconforto 
diarrhea esseva a vices sufficientemente dis- 
turbante pro requirer le interruption del 
therapia. Drogas que disrumpe le synthese 
de cholesterol deberea esser studiate cautis- 
simemente e durante prolongate periodos de 
tempore ante que illos es usate extensemente 
como agentes in le prevention de athero- 


epigastric, e 


sclerosis. 
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Correlation of Clinical and Hemodynamic Findings 


in Patients with Systemic Arteriovenous Fistulas 


By JosreeH J. Muenster, M.D., Joun S. Grarrrincer, M.D., AND 
JAMES A. CAMPBELL, M.D. 


Although studies of the pathologie physiology of arteriovenous fistula have been reported, 
the circulatory responses to exercise and the nature of the syndrome resembling conges- 
tive heart failure have not been elucidated. 


HE alterations in the circulation caused 
by a systemic arteriovenous fistula have 
been studied extensively!!® and the occasional 
occurrence of a syndrome resembling con- 
gestive heart failure in the presence of a 
chronic fistula has long been recognized.?°*% 
In recent years cardiac catheterization has 
permitted more thorough study of such pa- 
tients! * but concomitantly, since the poten- 
tial hazard of the lesion has been better ap- 
preciated, early surgical correction of the 
defect has usually been carried out. Cardiac 
failure resulting from peripheral arterioven- 
ous fistula therefore is now a rare entity and 
to our knowledge hemodynamic studies have 
been performed in only 2 eases presenting 
congestive heart failure.’® 
In the present paper studies before and 
after operation in patients with arteriovenous 
fistulas are reported. Two patients were in a 
state of congestive heart failure without ap- 
parent cause other than the fistula. The physi- 
ologic data observed in the patients with 
congestive heart failure not only clearly sepa- 
rated them from the others but also qualita- 
tively resembled in many respects data ob- 





From the Cardio-Respiratory Division, Department 
of Medicine, Presbyterian Hospital, Chicago, and the 
Department of Medicine, University of Illinois College 
of Medicine, Chicago, Il. 

Supported in part by a grant from the U.S. Public 
Health Service (H-404) and in part by a grant from 
the Otho 8. A. Sprague Memorial Institute. 

Done during Dr. Muenster’s tenure of a James B. 
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tained in patients with congestive failure re- 
sulting from primary myocardial disease. 


MATERIAL AND METHODS 


The fistulas in 4 patients had been present 
from 10 to 23 years; 2 were of recent onset (8.A., 
J.E.). In 5 eases the shunt was located in either 
the iliac or femoral vessels and in the sixth the 
brachial vessels were involved (J.E.). In 1 (J.P.) 
the shunt was congenital; the remainder were 
traumatic in origin resulting from either gunshot 
or stab wounds. Following physiologic studies 
surgical repair of the fistula was performed for 
the 5 acquired lesions. The diameters of the 
fistulas as estimated or measured by the surgeons 
at the time of surgery fell within a range of 1.0 
to 1.5 em. The proximal artery was dilated and 
tortuous in each of the patients in whom surgery 
was performed with the exception of patient 
S.A., whose shunt had been functional less than 2 
weeks. In no case was there evidence of constric- 
tion by sear or surrounding fibrous tissue. Arteri- 
ography demonstrated similar tortuosity and 
dilatation and presumably a shunt of comparable 
size in the case of J.P. who had congenital lesions 
for which surgery was not performed. 

The 2 patients (S.A., J.E.) whose fistulas were 
of relatively short duration are referred to as 
“short-term non-failure” patients and the other 2 
without congestive failure whose fistulas had 
been functional for 18 and 19 years as the “long- 
term non-failure” patients (E.W., J.P.). The 
clinical histories of these 4 patients contained no 
symptoms suggestive of congestive failure. The 2 
long-duration patients were laborers who were 
working without limitation until the time of their 
hospital admissions for study and elective sur- 
gery. The physical examination in each ease re- 
vealed swelling and a bruit at the site of the 
fistula with venous engorgement in the affected 
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extremities, but no edema. Examinations of the 
heart and teleroentgenograms in 3 patients were 
entirely normal; 1 of the long-term patients 
(E.W.) had moderate enlargement of the heart 
and a grade III systolic apical murmur. Following 
surgery the murmur disappeared and the heart 
size returned to normal. Hemoglobin values were 
within normal limits in all patients. Blood volumes 
were normal in the 2 “short-term” and elevated 
in the 2 “long-term non-failure” patients. 

The histories and findings of the 2 eases which 
we refer to as the “failure patients” differed 
markedly from the group above. 

The first patient (C.J.) was a 41-year-old Negro 
woman who had been shot in the left upper 
thigh 19 years prior to admission. Slight swelling 
of the entire extremity had persisted throughout 
the years. Eighteen months prior to admission 
at our initial examination she had no complaints 
or signs of cardiovascular disease except for the 
arteriovenous fistula. Her blood pressure was 
120/80 and the heart rate was 80 per minute. At 
that time she refused surgical correction. About 
2 months prior to admission she noted an increase 
in the edema of the affected extremity and the onset 
of edema of the other limb. At this same time she 
began to experience shortness of breath on ex- 
ertion, palpitation, and a nonproductive cough 
which was worse in the recumbent position, and 
she noted a rapid increase of her body weight. 

Physical examination revealed an obese, or- 
thopneic woman with a blood pressure of 158/102 
and a heart rate of 120 per minute. Her neck 
veins were distended, the hepatojugular reflux 
was positive, and moist fine rales were present 
in both bases. A grade-ITI apical systolic murmur 
and a protodiastolic gallop rhythm were noted 
with an increased second sound at the pulmonic 
area. The liver was palpable 4 em. below the 
costal margin. There were moderate edema of the 
right leg to the level of the midealf and marked 
pitting of the left limb to the inguinal region. A 
thrill and a bruit were present in the area of 
the lesion in the upper left thigh. The Nicoladoni- 
Branham bradyeardiae sign was demonstrable.?*: 75 
The protodiastolic gallop rhythm disappeared 
while the fistula was compressed. 

The arm-to-tongue circulation time was 60 
seconds (Decholin). The venous pressure was 300 
mm. of saline. The chest x-ray disclosed clouding 
of the lower half of the left lung field and a 
shift of the mediastinum to the left as a sequel 
to collapse therapy for tuberculosis. The left car- 
diae border could not be identified. The vascular 
markings in the right lung field were increased. 
The electrocardiogram was consistent with left 
ventricular hypertrophy. The hemoglobin was 
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12.5 Gm. per cent. Following physiologic studies 
she was treated with bed rest and sodium restric- 
tion for 2 weeks prior to surgery. She lost 17 
pounds and the edema of the right leg disap- 
peared as did the signs of pulmonary edema. 
Blood volume preoperatively was 29 per cent 
above predicted. Re-anastomosis of both the 
femoral artery and vein was successfully accom- 
plished. She had a diuresis of 4,700 ml. of urine 
during the first 24 hours following surgery. Her 
total weight loss was 33 pounds, and a 1,000 ml. 
decrease in blood volume had occurred 13 days 
after surgery. Five months following study she 
was fully active without symptoms; her blood pres- 
sure was within normal limits. 

The second patient in failure (R.A.) was a 
47-year-old Negro who had been stabbed in the 
right thigh 23 years prior to admission. Since 
that time he had noted a pulsating mass in the 
region of the sear. His service in the army dur- 
ing World War II included combat duty. On 
examination 7 years prior to study the blood 
pressure was 146/80 and the cardiac examination, 
including chest x-ray, was normal. For the 3 to 
4 months preceding study he had noted steadily 
increasing exertional dyspnea, edema, and weight 
gain. Examination revealed a moderately dyspneic 
man with a blood pressure of 150/80 and heart 
rate of 93. Moderate cardiac enlargement, a proto- 
diastolic gallop and a grade-II apical systolic 
murmur were noted. The liver was enlarged 6 
em. below the right costal margin. A pulsating 
mass and a thrill were present over the lesion in 
the right midthigh. Moderate edema of the left 
leg to the midthigh and marked edema of the 
right leg extending to the inguinal region were 
present. The Nicoladoni-Branham sign was demon- 
strable and the protodiastolic gallop disappeared 
during compression. The arm-to-tongue cireula- 
tion time (Decholin) was 40 seconds; venous pres- 
sure was 270 mm. of water. Fluoroscopy and tele- 
roentgenograms revealed enlargement of the left 
ventricle, right ventricular outflow tract, and 
increased pulmonary vascular markings with small 
pleural effusions bilaterally. Hemoglobin was 13 
Gm. per cent. An electrocardiogram disclosed only 
low voltage of the T waves. After physiologic 
studies the patient was treated with bed rest, 
digitalis, mereurial diuretics, and sodium restric- 
tion for 30 days. On this regimen he lost 10 
pounds, edema disappeared, blood pressure and 
heart rate returned to normal but blood volume 
changed only from 65 to 56 per cent above the 
predicted value. Re-anastomosis of the femoral 
artery was then performed and the femoral vein 
ligated. Postoperatively he developed bacterial 
endocarditis and consequent aortic regurgitation. 
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Despite this complication 244 months after sur- 
gery he was active and asymptomatic; the car- 
diac silhouette and lung fields were within normal 
limits. His total weight loss was 15 pounds. 

The studies were performed in an air-condi- 
tioned room on patients in the postabsorptive 
state, usually after a sedative dose of sodium 
allyl barbiturate. Details of the methods used in 
this laboratory have been previously described.*® 
ln 3 eases observations were made with the shunt 
totally occluded by direct pressure. Blood volume 
studies were made with Evans blue dye (T-1824) 
or with I'8! tagged albumin. A correction of 0.92 
was used for total body hematocrit level. The 
same method was used in a given patient for 
each serial study. 


RESULTS 


The data obtained during these studies are 
shown in table 1. 


Cardiac Output 


The cardiae output in the resting state 
was abnormally high in each patient. During 
exercise a qualitatively normal, increase in 
cardiac index was observed in the 2 short- 
term non-failure patients (S.A., J.E.). The 
exercise response was less than normal in 
one long-term non-failure patient (E.W.) 
and insignificant in the other (J.P.). A de- 
crease in cardiac output during exercise oc- 
curred in the 2 failure patients. 

Five patients were restudied after surgery 
and in each instance the resting cardiae out- 
put was considerably lower than the pre- 
operative value and a normal increase oc- 
curred during exercise. 


Stroke Volume and Heart Rate 


The elevation in cardiac output at rest 
in 3 of the 4 non-failure patients was caused 
by an inerease of both stroke volume and 
heart rate. In the fourth patient (E.W.) a 
markedly increased stroke volume was ac- 
companied by a normal heart rate. In the 
failure patients the cardiac output elevation 
at rest was more attributable to a tachycardia 
than to elevation of stroke volume and a 
marked drop in stroke volume occurred dur- 
ing exercise. 


Arteriovenous Oxygen Difference 


A markedly reduced arteriovenous oxygen 
difference was found in each patient regard- 
less of the presence or absence of clinical 
heart failure. During exercise the arterio- 
venous oxygen difference remained abnor- 
mally narrowed. Thus both at rest and during 
exercise the cardiac output was greater than 
expected on the basis of oxygen consumption. 


Central and Peripheral Venous Pressures 


The systemic venous and right atrial 
pressures of the 4 non-failure patients were 
within normal limits and during exercise the 
increases in cardiae output occurred without 
significant changes in atrial pressure. The 
venous and right atrial pressures were greatly 
elevated in the 2 patients with congestive 
failure and a further rise of atrial pressure 
was observed in each during exercise. After 
surgery the venous and atrial pressures in 
each patient were within normal limits. 


Systemic Arterial Pressure and Total Sys- 
temic Resistance 


Systemic arterial pressure was low normal 
in one short-term non-failure patient (S.A.) 
and high normal in the other, J.E.; sys- 
temic resistances were reduced. Postopera- 
tively the pressures and resistances were 
unchanged in the patient whose fistula had 
been only of 8 days’ duration and, in the 
other, resistance was restored to normal. 

In one long-term non-failure patient (J.P.) 
pressure was high normal and resistance re- 
duced. In the other, E.W., arterial pressure 
was low and resistance was remarkably low; 
compression of the fistula in this patient re- 
sulted in a 2-fold increase of diastolic and 
mean arterial pressure. After surgery pres- 
sure was normal and resistance had _ in- 
creased. The data in the 2 failure patients 
distinctly differed from the non-failure pa- 
tients. Systemic hypertension was present 
and systemic resistances were markedly higher 
than were found in the non-failure group; 


during exercise a marked rise in systemic 
resistance occurred. 


Postoperatively, mean 
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SYSTEMIC ARTERIOVENOUS FISTULAS 


arterial pressures and the systemic resistances 
were normal. 


Pulmonary Arterial Pressure and Total Pul- 
monary Resistance 


The total pulmonary resistances were low 
in the non-failure patients and pulmonary 
arterial pressures were high normal. The 
pressures and resistances were elevated in 
the 2 patients in congestive heart failure and 
a marked decrease in pulmonary arterial 
pressure was observed in each following 
surgery. 

Discussion 

The clinical state of congestive heart 
failure present in 2 of these patients was 
similar to the syndrome of congestive failure 
that has been observed by others in certain 
patients with arteriovenous fistulas.2°?% Fur- 
thermore, it was similar to the syndrome of 
chronic congestive heart failure which may 
be present in patients suffering from heart 
disease of any etiology. Yet, after surgical 
excision of the fistulas, no heart disease was 
demonstrable in one of these 2 individuals 
and in the other a quite normal functional 
capacity and heart size were found despite 
the development of aortic regurgitation fol- 
lowing postoperative acute bacterial endocar- 
ditis. Similar clinical sequences have been 
observed previously, but it has been pro- 
posed that this syndrome does not represent 
actual heart failure and is attributable to 
circulatory congestion simulating congestive 
heart failure without actual myocardial in- 
adequacy.2” 78 

The physiologic data obtained during and 
following the syndrome of congestive failure 
in these 2 patients, however, clearly indicate 
that actual myocardial inadequacy was pres- 
ent. Their cardiac outputs were relatively 
lower than those found in the 4 other pa- 
tients with arteriovenous fistulas and signifi- 
cant elevations of venous, atrial, pulmonary 
arterial, and systemic arterial pressures were 
found at rest. During exercise their cardiac 
outputs fell to still lower levels and their 
intravascular pressures became more abnor- 
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mal. With the exception of the absolute level 
of the cardiae output, the hemodynamic find- 
ings in these 2 individuals were, in fact, 
quite similar to those usually found in pa- 
tients suffering from chronic congestive heart 
failure due to heart disease of any etiol- 
ogy.*®. 8° The physiologic data obtained post- 
operatively suggested, however, that no ante- 
cedent underlying heart disease had been 
present to explain the transient occurrence 
of clinical congestive heart failure; this syn- 
drome therefore seemed to have been the 
result solely of transient heart failure pro- 
duced by the systemic arteriovenous fistulas. 
In these 2 patients, who had chronic con- 
gestive heart failure on clinical examination 
and myocardial inadequacy as measured by 
cardiae output and intravascular pressure 
observations, the duration and anatomy of the 
fistulas and collateral vessels did not differ 
importantly from those found in the 2 long- 
term non-failure patients and the magnitude 
of the compensatory hypervolemia was not 
markedly greater than in the long-term non- 
failure patient E.W. Myocardial inadequacy 
would, therefore, seem to have been the re- 
sult of a finite ability of the myocardium to 
increase and maintain stroke volume in the 
face of the demand imposed by the decreased 
total peripheral resistance caused by the 
fistula and the increased venous return caused 
by the compensatory hypervolemia. As a re- 
sult of myocardial inadequacy, lower cardiac 
outputs and elevated right atrial and pul- 
monary arterial pressures occurred. 
Systemic arterial hypertension was also 
present in these 2? failure patients with eleva- 
tion of the total systemic resistance to the nor- 
mal range, despite the presence of the fistulas. 
The inadequate cardiac output resulting 
from the volume load apparently had as 
its consequence a generalized increase in 
systemic arteriolar resistance of sufficient 
magnitude to result in an increase in total sys- 
temic resistance to normal despite the lo- 
cally low resistance of the fistula. In these 
patients maintenance of blood flow through 
the fistula in the face of a decreasing car- 
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diac output thus required vasoconstriction 
with a consequent reduction in the circula- 
tion to the remainder of the body.'* Systemic 
hypertension in these individuals is therefore 
thought to have represented the consequence 
of an inereased peripheral resistance due to 
heart failure in the presence of an overfilled 
circulation. Systemic hypertension has been 
reported in certain other patients with 
systemic arteriovenous fistulas and congestive 
heart failure but has not invariably been 
found.’ °-*3 It would seem likely, there- 
fore, that myocardial inadequacy developed 
initially from the volume load imposed 
by the fistulas and was subsequently aug- 
mented by the pressure load imposed by 
the hypertension that occurred as a conse- 
quence of the development of heart failure. 
The development of transient systemic hy- 
pertension during exacerbations of chronic 
congestive heart failure in patients with 
heart disease of various etiologies is well 
recognized. The severity of the hypertension 
that may result from an increase in total 
systemic resistance in the presence of hy- 
pervolemia is evident in the pressures ob- 
tained during occlusion of the fistulas in the 
2 failure patients.® 

In these 2 patients with systemic arterio- 
venous fistulas we suggest that maintenance 
of an adequate arterial pressure eventually 
required levels of cardiac output that their 
hearts could not sustain with the consequent 
development of myocardial inadequacy. The 
compensatory hypervolemia which, prior to 
the development of heart failure aided in 
the maintenance of an adequate arterial 
pressure, then became a deleterious mechan- 
ism, since it contributed to the volume load 
presented to the failing heart and to the 
development of the pressure load imposed by 
systemic hypertension. We see in the hyper- 
volemia, therefore, an example of an essential 
homeostatic mechanism becoming an unde- 
sirable factor in the presence of heart failure. 

Finally, in these individuals who had 
presented congestive heart failure, surgical 
correction of the peripheral circulatory lesion 
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resulted in the apparent return of circula- 
tory and myocardial function to normal. 
These data thus provide evidence that heart 
failure may be produced in the apparently 
healthy heart by a_ peripheral circulatory 
load and, furthermore, they also permit a 
description of the sequences and adjustments 
by which this may occur. 


SUMMARY 

A correlation of clinical and hemodynamic 
data in 6 patients with systemic arteriovenous 
fistulas has been presented. Two of the pa- 
tients presented overt congestive failure. 
With the exception of the high absolute level 
of cardiac output, the decrease in cardiac 
output with exercise in the presence of ele- 
vated central venous pressure in the 2 pa- 
tients with congestive failure was similar 
to the finding in patients with congestive 
failure of any etiology. Systemic hyperten- 
sion occurred with the development of con- 
gestive failure despite the low resistance 
lesion of the fistula. 

Myocardial inadequacy seemed to have 
been the consequence of a finite capacity of 
the heart to increase and maintain stroke 
volume in the face of the demand imposed 
by the low resistance lesion and the compen- 
satory hypervolemia. Surgical correction of 
the fistulas resulted in return of circulatory 
dynamics to normal. These data, therefore, 
provide evidence that heart failure may be 
produced in the apparently healthy heart by 
a peripheral circulatory load. 
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SuMMARIO IN INTERLINGUA 


Es presentate un correlation del datos 
clinie e hemodynamic ab sex patientes con 
fistulas arterio-venose in le circulation sys- 
temic. Duo del patientes exhibiva patente 
disfallimento congestive. Con le exception del 
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alte nivello absolute del rendimento cardiac, 
le reduction del rendimento cardiae occur- 
rente in exer¢itio in le presentia de elevate 
tensiones centro-venose in le duo patientes 
con disfallimento congestive in le presente 
studio esseva simile al constatationes in pa- 
tientes con disfallimento congestive de non 
importa qual etiologia. Hypertension sys- 
temic occurreva con le disveloppamento de 
disfallimento congestive in despecto del basse 
resistentia occasionate per le fistulas. 

Inadequatia myocardial esseva apparente- 
mente le consequentia de un finite capacitate 
del corde pro augmentar e mantener le vol- 
umine per pulso in le presentia del requiri- 
mentos imponite per le lesion a basse resist- 
entia e le hypervolemia compensatori. Le 
correction chirurgie del fistulas resultava in 
le retorno del dynamieca cireulatori a condi- 
tiones normal. Per consequente le datos hie 
presentate demonstra que disfallimento car- 
diae pote esser producite in apparentemente 
normal cordes per un carga in Je circulation 
periphie. 
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Exercise must be taken within the limits which each individual soon learns to 
recognize. In severe recurring attacks induced by slight muscular efforts, a period of 
absolute rest should be enjoined. The sudden, quick movements which rapidly increase 


the blood pressure and throw a strain upon the heart are the most dangerous; and 
most of all those with which are associated strong emotions. The patients should be 
urged to walk on the level, in the literal as well as metaphorical meaning of the phrase. 
He should learn “to live within the income of his circulation,” with which wise saw 
from the lips of the late Dr. Sibson a friend with organic heart disease has been com- 
forted and sustained for a quarter of a century —WILLIAM OsLeErR, M.D. Lectures on 
Angina Pectoris and Allied States, 1897. 





Intracardiac Phonocardiogram in Thirty Cases of 
Atrial Septal Defect 


By Grorce A. Feruewio, M.D., AND AKKAYA SREENIVASAN, M.D. 


Thirty cases of atrial septal defect proved by cardiac catheterization, surgery, or post- 
mortem examination have been investigated with the technic of intracardiac phonocar- 
diography, which provided precise localization of the source of heart sounds and murmurs. 
The site and mechanism of origin of the many auscultatory signs in uncomplicated atrial 
septal defect and in cases of Lutembacher’s syndrome, tricuspid atresia, and persistent 
atrioventricular canal were elucidated by direct intracardiae sound recordings and simul- 


taneous external chest phonocardiograms. 


HERE have been many recent reports 

of the auscultatory features of atrial 
septal defect and these have been reviewed 
both clinically and with the aid of chest phono- 
cardiography.!7* 

The commonest auscultatory findings in 
uncomplicated atrial septal defect are a basal 
systolic ejection murmur, usually soft, and 
a wide, fixed splitting of the ‘second sound 
over the pulmonary area. Less frequently 
an early blowing diastolic murmur is heard 
at the base and along the left sternal border 
in the second and third left intercostal spaces. 
At the apex, or medial to it, systolic and dias- 
tolie murmurs may occasionally be present, 
together with an accentuated first sound. 
The systolic apical murmur is usually of 
regurgitant type (pansystolic) ; the diastolic 
apical murmur occurs in mid-diastole or in 
presystole. 

There appears to be no general agreement 
about the site and mechanism of production 
of these signs. The relative importance of 
various factors such as the flow across the 
atrial septal defect, the increased flow through 
the tricuspid and pulmonary valves, and the 
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anatomic changes in the mitral and tricuspid 
valves, has not been established with cer- 
tainty. 

The purpose of this study was to contribute 
to a better understanding of the site and 
mechanism of production of the altered heart 
sounds and murmurs in atrial septal defect 
with the help of intracardiac sound recording. 

The technic originally described by Lewis 
et al.8 for intracardiac phonocardiography 
has been used. Precise localization of the 
sources of sounds and murmurs is possible 
with the aid of a barium titanate microphone 
incorporated in the leading tip of a specially 
designed catheter. Some intracardiac phono- 
eardiograms by this and other technics in 
eases of atrial septal defect have been re- 
ported.®!2 


MATERIAL AND METHODS 


Thirty cases of proved atrial septal defect are 
included in this study: 18 were male and 12 female, 
and they ranged in age from 3 to 54 years, the 
majority being in the second and third decade of 
life. The diagnosis of atrial septal defect was 
made on clinical, radiologic, and electrocardio- 
graphic grounds and was proved by right heart 
catheterization, during which the defect was 
crossed in 28 of the 30 cases. Further confirmation 
was obtained in patients who underwent surgical 
repair (22 patients, including the 2 in whom the 
septal defect was not crossed by the catheter) or 
who succumbed (2 patients) and were examined 
post mortem (table 1). 

To confirm clinical auscultation, a routine chest 
phonocardiogram was recorded with the aid of a 
2-channel photographic apparatus (Twin-Beam, 
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TABLE 1.—Diagnosis in Thirty Cases of 
Atrial Septal Defect 


Proved by ___Confirmed by __ 


Diagnosis catheter Surgery Post mortem 


Ostium secundum defect 20 

Ostium primum defect 4 

Lutembacher’s syndrome 2 

Persistent atrioventricular 
eanal 


Tricuspid atresia 


*Confirmed by angiocardiography. 


+In 4 eases fibrous strands were found across the 
defect. 


Sanborn). The findings, excluding the 2 cases of 
tricuspid atresia, are summarized in table 2. 

In both cases of tricuspid atresia (ages 3 and 6 
years), a loud apical first sound and a mid-diastolic 
murmur with presystolic accentuation were re- 
corded. In addition, in 1 case a harsh pansystolie 
murmur was recorded in the third and fourth left 
intercostal space. The second sound at the base 
was rather loud and single in both cases, and was 
preceded by a soft ejection systolic murmur. 

Physiologie studies (right heart catheterization, 
dye-dilution studies, oximetry during exercise)"! 
showed that all 24 patients with uncomplicated 
atrial septal defect had a predominantly left-to- 
right shunt. Blood flow measurements obtained 
by the Fick principle showed that while the sys- 
temic flow was within the normal range in all these 
cases, the pulmonary flow was 2 to 3 times the 
systemic flow in 8 instances, and over 3 times the 
systemic flow in the remaining 16. In the 4 cases 
of Lutembacher’s syndrome and persistent atrio- 
ventricular canal, the systemic flow was normal, 
while the pulmonary flow was over 3 times the sys- 
temic flow. In the 2 cases of atrial septal defect 
with associated tricuspid atresia, there was in- 
creased flow across the mitral valve. 

The intracardiac phonoeardiograms were re- 
corded with the aid of a specially designed phono- 
catheter, a preamplifier,* and a phonocardiograph. 
The phonoecatheter consisted of a sound trans- 
ducer (a hollow cylinder of activated barium 
titanate, 1.5 mm. in diameter and 15 mm. long), 
soldered to a coaxial cable. The catheter had a 
plastic coating, which prevented direct contact 
of the transducer with the blood and inner walls 
of the heart and vessels (a possible source of 
artifact), and allowed chemical sterilization of 
the apparatus. The frequency response of the 





*Phonocatheters and preamplifiers were built and 
made available to the authors by the U.S. Naval Air 
Development Center of Johnsville, Pa, 
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TABLE 2.—Clinical Auscultatory Signs in 28 Cases of 
Atrial Septal Defect 


Auscultatory signs 


Loud first sound 
Split second sound: not fixed 
fixed 

Basal systolic murmur 

Basal early diastoii¢ murmur 

Apical systolic murmur 

Apical diastolic murmur: mid 
late 


sound transducer ranged from 5 to 10,000 e.p.s. 
The preamplifier, to which the acoustical signals 
of the catheter were fed, provided linear amplifica- 
tion for the same frequencies. Tracings were re- 
corded with the aid of a photographic 2-channel 
and a photographie 3-channel phonocardiograph 
used for routine clinical phonocardiography. 

The sound catheter, which was clearly seen on 
fluoroscopy because of its metallic components, 
was introduced into the cavities of the heart and 
pulmonary artery by the technic of venous cathe- 
terization. Reference marks were placed on the 
sereen during routine catheterization, to locate 
the pulmonary, tricuspid, and mitral orifices. 
Intracardiae phonoecardiograms were recorded in 
the right, left, and main pulmonary arteries; in 3 
different positions in the right ventricle and right 
atrium; and in the left atrium and left ventricle 
in the 24 cases in which the septal defect was 
crossed by the “sound” catheter. Continuous 
recordings were also made during the withdrawal 
of the catheter across the pulmonary, tricuspid, 
and mitral valves and across the atrial septal 
defect. In addition to intracardiac sounds, simul- 
taneous external chest phonocardiograms were 
recorded for comparison. 


RESULTS 

In the analysis of the intracardiac phono- 
cardiograms obtained in the cases of uncom- 
plicated atrial septal defect, the following 
features were encountered. 

Within the pulmonary artery were recorded 
an ejection type of murmur of varying in- 
tensity and a loud pulmonary closure oc- 
curring 0.04 to 0.06 second after the aortic 
closure (fig. 1). During inspiration both the 
murmur and the sound increased in intensity 
in 15 cases and remained unchanged in 9, 
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A further delay in the pulmonary closure 
during inspiration was observed in 2 eases. 

Within the right ventricle in all cases was 
recorded a loud tricuspid closure occurring 
0.06 to 0.08 second after the onset of the 
QRS complex. Simultaneous intracardiac and 
external recordings from the apical region 
(fig. 2) showed that the maximal vibrations 
of the first sound on the chest phonocardio- 
gram occurred at the time of the loud tri- 
cuspid closure. In addition to a loud first 
sound, in the inflow tract of the right ven- 
tricle a diastolic murmur was recorded in 9 
cases. This murmur was mid-diastolie in 5 
instances (fig. 3), presystolic in 4 (fig. 4), 
and increased slightly in intensity during 
inspiration. Only in 6 eases similar mid- 
diastolic or presystolic murmurs were ob- 
served in simultaneous external phonocardio- 
grams from the apical region. In 4 instances 
an early diastolic murmur ‘‘decrescendo”’ in 
type, was recorded in the outflow tract of the 
right ventricle just beneath the .pulmonary 
valve. A similar murmur was observed in 
simultaneous external phonocardiograms from 
the second and third intercostal spaces (fig. 
5) in all 4 instances. No murmurs were re- 
corded in the right ventricle (fig. 1) in 11 
cases. 

The 2 patients with Lutembacher’s syn- 
drome, who underwent surgical repair of the 
septal defect and the mitral stenosis, had the 
intracardiac phonocardiographic features of 
uncomplicated atrial septal defect in the 
right side of the heart. In only one of these 
could the sound catheter be advanced through 
the septal defect into the left side of the heart. 
In this case, in which atrial fibrillation was 
present, a mid-diastolic murmur (fig. 6) 
was recorded in the inflow tract of the left 
ventricle and no murmurs were recorded in 
the left atrium. In spite of the mitral stenosis 
a significant pressure gradient across the 
mitral valve was not demonstrated. The 
systemic blood flow in this case was at the 
lower limits of normal. 

In the 2 cases of tricuspid atresia, the 
sound catheter as well as the ordinary cathe- 


Fig. 1. Intraecardiae phonoeardiogram in a 19-year 
old girl with uncomplicated atrial septal defect. A, 
systolie ejection murmur of moderate intensity within 
the pulmonary artery; B, loud tricuspid closure in 
the right ventricle; C, soft first and second sound, 
and a fourth sound in the right atrium. 


ter, entered only the right and left atria 
and the left ventricle. No murmurs were 
recorded within the atrial chambers. Within 
the inflow tract of the left ventricle a mid- 
diastolic murmur with presystolie accentua- 
tion was present (fig. 7). In both cases there 
was no significant pressure gradient across 
the mitral valve. 

In cases of uncomplicated atrial septal 
defect, of Lutembacher’s syndrome, and of 
tricuspid atresia, in which the phonocatheter 
was advanced into the left atrium, no mur- 
mur was observed on continuous recordings 
during withdrawal of the catheter across the 
septal defect. 

In the 2 cases of presistent atrioventricular 
eanal, in addition to an ejection murmur 
within the pulmonary artery, a loud pansys- 
tolie murmur was recorded in the outflow 
tract of the right ventricle. In addition, a 
regurgitant systolic murmur was recorded 
in the atrial chambers in the proximity of 
the atrioventricular valves (fig. 8). 
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Fig. 2 Top. Simultaneous recordings from within 
the right ventricle by the phonocatheter and exter- 
nally from the apical region in a normal subject A, 
and in a patient with uncomplicated atrial septal 
defect B. 


Fig. 3 Middle. Intracardiac phonocardiogram in a 
ease of uncomplicated atrial septal defect. A, sys- 
tolic ejection murmur within the pulmonary artery; 
B, no murmurs within the right atrium; C, loud tri- 
cuspid closure and a mid- and late diastolic murmur 
within the inflow tract of the right ventricle. 


Fic. 4 Bottom. Uncomplicated atrial septal defect 
with, A, no murmur within the right atrium, B, a 
loud tricuspid closure and a presystoliec murmur with- 
in the inflow tract of the right ventricle. 
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Postoperative Studies. Twelve patients 
were reinvestigated 4 to 10 weeks postopera- 
tively; no evidence of shunt was found by 
oximeter after exercise or dye-dilution studies 
and there was no pressure gradient across 
the pulmonary valve. The intracardiac pho- 
nocardiogram showed changes. Within the 
pulmonary artery the systolic murmur de- 
creased considerably in intensity. The second 
sound also decreased in intensity but there 
were no significant changes in the delay of 
the pulmonary valve closure. Within the 
right ventricle the mid-diastolic and presys- 
tolic murmurs disappeared with no excep- 
tion. In 2 eases, an early diastolic murmur 
was still present in the outflow tract of the 
right ventricle. 

DiIscussION 


It is generally accepted that the commonest 
auseultatory finding in atrial septal defect is 
a basal systolic murmur.'* This murmur was 
thought to be due to flow across the defect! 
or dilatation of the pulmonary artery or 


to the increased flow through the pulmonary 
valves.>»® The last hypothesis was strength- 
ened by the observations of Soulié et al.,!° 
Feruglio and Dalla Volta,!® and Luisada and 
Testelli,1! who recorded a systolic murmur 
within the pulmonary artery in cases of un- 
complicated atrial septal defect by means of 


different 
technics. 


intracardiac phonocardiographic 

A systolic murmur, localized within the 
pulmonary artery, was also the most common 
and striking intracardiac phonocardiographic 
abnormality observed in the present series. 
This was the only murmur recorded in 
15 of the 24 cases of uncomplicated atrial 
septal defect. In simultaneous recordings 
from within the pulmonary artery and ex- 
ternally from the second and third left inter- 
costal spaces, this murmur appeared with 
the same characteristics of frequency, shape, 
and duration (fig. 9). The absence of any 
other systolic murmur in the 4 cavities of 
the heart and the close similarity between 
intracardiac and external recordings con- 
firm the idea that the basal systolic murmur 
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in uncomplicated atrial septal defect is pro- 
duced in the pulmonary artery. 

On the intrapulmonary phonocardiogram, 
as in the external phonocardiogram, this mur- 
mur had the features of a flow murmur. It 
was high pitched, had a midsystolie accentu- 
ation, and ended before the pulmonary clo- 
sure. Its intensity had good correlation with 
the estimated pulmonary blood flow and de- 
creased considerably after surgical correction 
of the defect. The predominant factor in the 
mechanism of production of the basal sys- 
tolic murmur in atrial septal defect therefore 
seems to be increased blood flow through the 
pulmonary valve. 

In the 4 cases in which an early basal 
diastolic murmur was present on external 
recordings a similar murmur was recorded 
in the intracardiac phonocardiogram from the 
upper outflow tract of the right ventricle, 
suggesting pulmonary insufficiency as the 
mechanism of production of this murmur. 
This substantiates the hypothesig of Barber 
et al.! and Leatham and Gray.® 

There is great diversity of opinion re- 
garding the source and mechanism of the 
apical mid-diastolic and the presystolie mur- 
murs in atrial septal defect. The possibilities 
suggested are an associated mitral steno- 
sis,1*18 flow across the septal defect,! 1% 2° 
and inereased flow through the tricuspid 
valve.® 7! In this series diastolic apical mur- 
murs were recorded on routine chest phono- 
cardiograms in 10 eases, which included 2 
cases of associated mitral stenosis and 2 cases 
of tricuspid atresia. 

The intracardiac phonocardiogram was 
most helpful in localizing the source and 
mechanism of production of these apical dias- 
tolic murmurs. In the uncomplicated atrial 
septal defect presystolic and mid-diastolic 
murmurs were localized to the inflow tract 
of the right ventricle. This confirms the view 
that the murmurs originate at the tricuspid 
valve. Subsequent to the surgical correction 
of the defect, these murmurs disappeared in 
the intracardiac phonocardiogram, strongly 
suggesting that their mechanism of produc- 
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TRICUSPID ATRESIA 

Fig. 5 Top. Simultaneous recordings from within 
the outflow tract of the right ventricle (by the phono- 
eatheter) and externally from the second left inter- 
costal space in a case of uncomplicated atrial septal 
defect. 

Fig. 6 Middle. Intracardiae phonocardiogram in a 
man aged 57 with Lutembacher’s syndrome (proved 
by surgery) and atrial fibrillation. A, a mid-diastolic 
murmur is recorded in the inflow tract of the left 
ventricle, and also B, in the inflow tract of the right 
ventricle. 

Fig. 7 Bottom. Intracardiac phonocardiogram in a 
boy aged 6 with tricuspid atresia. A mid-diastolic 
murmur with presystolic accentuation is recorded in 
the inflow tract of the left ventricle, due to increased 
flow across the mitral valve. 


tion is the increased flow through the tri- 
cuspid valve. 

In the 2 cases of tricuspid atresia the same 
mechanism of increased flow across the mitral 
valve probably accounts for the presence of 
the diastolic murmur in the inflow tract of 
the left ventricle. 

In the case of Lutembacher’s syndrome 
with atrial fibrillation, a mid-diastolic mur- 
mur was recorded in the inflow tract of the 
left ventricle, although neither appreciable 
pressure gradient nor increased flow was 














Fic. 8 Top. High and low frequency (h.f.,l.f.) in- 
tracardiace phonoeardiogram in a 5-year-old boy with 
persistent atrioventricular canal. A, a loud pan- 
systolic murmur in the outflow tract of the right 
ventricle; B, a regurgitant systolic murmur in the 
right atrium. 

Fic. 9 Bottom. Simultaneous recordings in a case 
of uncomplicated atrial septal defect from within the 
pulmonary artery (by phonocatheter) and externally 
from the second left interspace, showing a close 
similarity in the systolic murmur recorded from 
both sites. 


demonstrable across the mitral valve. This 
intracardiac phonocardiographic finding alone 
led to the diagnosis of associated mitral ste- 
nosis, which was confirmed later at surgery. 
It is of interest that in this case a mid-dias- 
tolic murmur was present in the inflow tract 
of the right ventricle as well, probably due 
to increased flow across the tricuspid valve. 
It was not possible to differentiate this mur- 
mur on the chest phonocardiogram from the 
similar diastolic murmur recorded in the in- 
flow tract of the left ventricle. 

The intracardiac phonocardiographic fea- 
tures in persistent atrioventricular canal were 
a loud pansystolic murmur within the outflow 
tract of the right ventricle and a systolic 
regurgitant murmur in the artial chambers 
in the proximity of the atrioventricular 
valves. Flow due to an interventricular shunt 
is responsible for the former pansystolic 
murmur and the incompetence of the atrio- 
ventricular valves is responsible for the latter 
regurgitant murmur. In no instance, other 
than in these 2 cases of persistent atrioven- 
tricular canal, were murmurs recorded within 
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the right or left atrium or during pullback 
of the sound catheter across the atrial septal 
defect, including the 4 cases in which, at 
surgery, strands across the defects were 
found. This observation probably means that 
the flow across the defect in either direction 
is silent. The intracardiac phonocardiographic 
observations of Soulié et al.!° and our previ- 
ous experience!’ agree with this conclusion. 

Luisada and Testelli!! and Liu and Jacono!” 
recorded systolic and diastolic murmurs 
within the right atrium in eases of uncom- 
plicated atrial septal defect. It was not pos- 
sible to confirm these findings nor the other 
findings of Liu and Jacono!* of duplication 
of the first sound within the pulmonary ar- 
tery, fourth sound or presystolic murmurs 
within the pulmonary artery, and diastolic 
murmurs within the pulmonary artery. These 
authors used an entirely different technic for 
intracardiac phonocardiography~* which con- 
sisted of using glucose solution within a regu- 
lar catheter as the carrier of sounds to a 
pressure transducer situated outside the body. 

In many reports on intracardiac phono- 
cardiography in atrial septal defect!®-™ 
accentuation of the first heart sound is not 
mentioned although this is considered a com- 
mon feature on auscultation.*: ** The accentua- 
tion of the first heart sound on chest phono- 
cardiography is due mainly to an increased 
intensity of the second main group of vibra- 
tions of the first heart sound.*: 2% Simulta- 
neous intracardiac and external phonocardio- 
grams show that this loud first heart sound 
corresponds to the closure of the tricuspid 
valve. 

SUMMARY 


Thirty cases of atrial septal defect (20 of 
ostium secundum type, 4 of ostium primum 
type, 2 of Lutembacher’s syndrome, 2 of 
persistent atrioventricular canal, and 2 of 
tricuspid atresia) were studied by means of 
an intracardiac microphone of activated ba- 
rium titanate incorporated in the tip of a 
specially designed catheter. 

In uncomplicated cases of atrial septal 
defect, the intracardiac phonocardiogram 
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demonstrated that both systolic and early 
diastolic murmurs heard at the base arose 
in the pulmonary artery, increased flow across 
the tricuspid valve was responsible for apical 
mid-diastolic and presystolie murmurs and 
the loud first sound was of tricuspid origin. 
No murmurs could be attributed to flow 
across the septal defect in either direction. 

Among the cases of complicated atrial 
septal defect, the intracardiac phonocardio- 
gram was of diagnostic help in cases of per- 
sistent atrioventricular canal by showing a 
pansystolie murmur in the outflow tract of 
the right ventricle, which suggested the pres- 
ence of shunt at that level, and by showing 
a regurgitant murmur in the atrial chambers, 
which indicated incompetence of the atrio- 
ventricular valves. It was of diagnostic value 
in a ease of Lutembacher’s syndrome with 
atrial fibrillation, by revealing a mid-diastolic 
murmur within the inflow tract of the left 
ventricle in the absence of a pressure gra- 
dient across the mitral valve. 
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SUMMARIO IN INTERLINGUA 


Trenta casos de defecto atrio-septal—20 de 
ostio secunde, 4 de ostio prime, 2 de syndrome 
de Iutembacher, 2 de persistente canal atrio- 
ventricular, 2 de atresia tricuspidic—esseva 
studiate per medio de un microphono intra- 
eardiae in le forma de un specialmente con- 
struite catheter con un puncta in que activate 
titanato de barium esseva incorporate. 

In noneomplicate casos de defecto atrio- 
septal, le phonocardiogramma intracardiac 
demonstrava que le murmures tanto systolic 
como etiam eodiastolic que es audibile al 
base habeva lor origine in le arteria pulmo- 


nar, que le augmentate fluxo per le valvula 
tricuspidie esseva responsabile pro murmures 
apical mediodiastolic e presystolic, e que le 
forte prime sono esseva de origine tricuspidic. 
Nulle murmures poteva esser attribuite al 
fluxo per le defecto septal i le un o in le 
altere direction. 

Inter le casos de complicate defectos atrio- 
septal, le phonocardiogramma intracardiac 
esseva de adjuta diagnostic in casos de per- 
sistentia del canal atrio-ventricular per 
demonstrar un murmure pansystolic in le 
via de effluxo del ventriculo dextere (lo que 
suggereva le presentia de un shunt a ille 
nivello) e per demonstrar un murmure de 
regurgitation in le cameras atrial (lo que 
indicava incompetentia del valvulas atrio- 
ventricular). Illo esseva de valor diagnostic 
in un easo de syndrome de Lutembacher con 
fibrillation atrial per revelar un murmure 
mediodiastolie intra le via de influxo del ven- 
triculo sinistre in le absentia de un gradiente 
de tension trans le valvula mitral. 
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The subject of the encouragement, or, as it is sometimes called, the endowment of 
research, has of late years greatly exercised the minds of men in England. Many seem 
to think that this question is mainly one of money; that you can go into the market 
and buy research, and that supply will follow demand, as in the ordinary course of 
commerce. This view does not commend itself to my mind. My own conviction is admir- 
ably summed up in the passage of your president’s address, “that the best investigators 
are usually those who have also the responsibilities of instruction, gaining thus the in- 
citement of colleagues, the encouragement of pupils, and the observation of the public.”— 
Tuomas H. Huxtey. American Addresses with a Lecture on the Study of Biology. London, 


MaeMillan and Co., 1877, p. 120. 





Chronic Idiopathic Pericardial Effusion 
without Tamponade 


By Danteut C. Connotiy, M.B., M.R.C.P., M.D., Px.D., 
Tuomas J. Dry, M.B., Cu.B., M.S., C. ALLEN Goop, M.D., MS., 
O. THERON Cuacett, M.D., M.S., anp Howarp B. BurcHetu, M.D., Px.D. 


Persistent pericardial effusion in the absence of obvious preceding or concurrent disease 
presents a baffling problem. In such cases chylopericardium, cholesterol pericarditis, 
lupus erythematosus, malignant disease, myxedema, severe anemia, and scleroderma, must 
be considered. Six cases are reported with large effusions present for from 1 to 11 years. 
The diagnostic measures to be used, the results of histologic examination, and the effects 
of surgery on the clinical course are discussed. 


ERICARDITIS with effusion is a rela- 
tively common form of acute pericardial 
inflammation that has been found in associa- 
tion with rheumatic fever,! serious infections 
of the respiratory tract with and without de- 
monstrable etiologic agents,” * myocardial in- 
faretion,t and myocardial contusion.® In addi- 
tion, pericardial effusion has been described in 
association with myxedema,*® severe anemia,® 
tumors,!® uremia,!! and scleroderma,'? and it 
is believed to occur at some time in more than 
50 per cent of cases of systemic lupus erythem- 
atosus.13 Chylopericardium™ and cholesterol 
pericarditis'*-!§ are rare entities. Rarely, peri- 
eardial effusion of considerable degree may 
follow a chronic course, usually with the late 
development of symptoms and signs of cardiac 
tamponade.!®2 
The findings in 6 patients who had gross 
chronic pericardial effusion of unknown cause 
without the development of cardiac tampon- 
ade are described. 


CasE REpPoRTS 
Case 1 


A 40-year-old white married woman had a 
hysterectomy at the Mayo Clinic in 1951 because 
of endometriosis. A thoracic roentgenogram did 
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not reveal any abnormalities in the lungs or the 
cardiac shadow at that time. 

At her second examination, in July 1952, she 
had many symptoms believed psychogenie in ori- 
gin. Results of physical examination and labora- 
tory studies revealed no abnormality other than 
in the thoracic roentgenogram, which disclosed 
moderate globular enlargement of the cardiac 
shadow (fig. 1 a). Specific questioning elicited a 
history of mild precordial distress on leaning for- 
ward, with occasional consciousness of the heart 
beat. Heart murmurs were not detected. The blood 
pressure was 110 mm. Hg systolie and 80 diastolic; 
the pulse rate was 80 beats per minute, with a 
regular rhythm. There was no clinical evidence of 
hypothyroidism. In view of the absence of ob- 
jective signs of cardiac disease, treatment was 
not considered necessary but follow-up was ad- 
vised. 

The patient returned in November 1954, be- 
cause of progressive enlargement of the cardiac 
shadow. She now complained of severe palpita- 
tion, tachyeardia on exertion, and a dull lower 
substernal ache that extended toward the left 


axilla with inspiration. She had not noticed any 


significant exertional dyspnea, orthopnea, or pe- 
ripheral edema. Neither digitalization nor a period 
of rest in bed for 3 months prior to this admis- 
sion had produced any diminution in the size of 
the cardiac shadow. 

Results of physical examination in 1954 were 
essentially unchanged as compared with those in 
1952. However, roentgenologic studies revealed 
considerable increase in the size of the cardiac 
shadow (fig. 1 b). Hematologic studies gave normal 
results. Fluoroscopy showed slightly diminished 
cardiac pulsations. An electrocardiogram showed 
no significant abnormality. The venous pressure 
was 12 mm. Hg, corrected to the midlevel of the 
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Fig. 1. Case 1. a. Enlargement of cardiac shadow in 1952. b. Further increase in size of 
cardiac shadow 2 years later. c. Angiocardiogram showing normal right atrial contour and 


al 


demonstrating that enlargement of the cardiac shadow is caused by pericardial effusion or 
thickened pericardium. d and e. Roentgenograms taken in erect and lateral decubitus 
positions after removal of 80 ml. of pericardial fluid and replacement by air. f. Postoperative 
appearance, showing normal size of eardiae shadow. 


right atrium. The presence of pericardial effusion 
was suspected, and angiocardiography demon- 
strated that the increased size of the cardiac 
shadow was not caused by enlargement of the 
cardiac chambers but was the result of pericardial 
effusion or thickening (fig. 1 c). 

Diagnostic paracentesis, with removal of 80 ml. 
of clear yellow fluid and replacement by air, was 
performed prior to operation (fig. 1 d and e). 
More than 1,000 ml. of clear yellow fluid were re- 
moved at operation, and a large opening was made 
between the pericardium and the left pleural 
space. Cultures of the pericardial fluid did not 
produce any growth of Mycobacterium tuberculo- 
sis, brucellar organisms, fungi, or other pathogens. 


Histologic examination of the pericardium showed 
no abnormality. The size of the cardiac shadow 
became normal shortly after operation (fig. 1 f). 

Comment. A large pericardial effusion was 
present in this patient for at least 2 years without 
the development of cardiac tamponade. No history 
of an episode suggesting acute pericarditis was 
obtained, and the cause of the effusion was not 
evident. Six months after operation, examination 
revealed no abnormality, and the size of the ear- 
diac shadow was normal. The only postoperative 
change in the electrocardiogram was a moderate 
increase in the amplitude of the QRS complexes 
and T waves in most leads (fig. 2). This was the 
usual pattern in all 6 cases. 
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Case 2 


A 42-year-old white married woman came for 
examination in January 1955. She had a history 
of chorea at the age of 15 years and of pulmonary 
embolism following a pelvic operation at age 28. 
Cardiac enlargement had been diagnosed in 1947 
following mass miniature radiography, and pro- 
gressive enlargement of the cardiac shadow had 
been observed in thoracic roentgenograms made 
at yearly intervals. She had taken digitalis con- 
tinuously since 1948, when she complained of 
exertional dyspnea and fatigue. 

The patient came to the clinic in January 1955 
because of the progressive enlargement of the car- 
diac shadow. At this time, she complained of occa- 
sional pain in the anterior aspect of the thorax 
on the left side, with extension to the left shoulder 
and arm. She’ also complained of mild dyspnea 
on exertion, but she had not experienced orthopnea 
or paroxysmal nocturnal dyspnea. 

Examination failed to reveal any cardiac mur- 
murs, peripheral edema, or clinical evidence of 
inereased venous pressure. The blood pressure and 
the cardiac rate and rhythm were normal. Hema- 
tologic studies gave normal results. Thoracic 
roentgenography showed considerable enlargement 
of the cardiac shadow, and this enlargement had 
increased steadily since 1947, judging by the yearly 
roentgenograms that were available (fig. 3 a and 


b). The electrocardiogram was interpreted as nor- 
mal. The lupus erythematosus clot test on periph- 


eral blood gave normal results. The value for 
plasma cholesterol was 169 mg. per 100 ml. The 
basal metabolic rate was 5 per cent, and she was 
clinically euthyroid. 

The suspected presence of pericardial effusion 
was confirmed by angiocardiography (fig. 3 c). 
At operation, approximately 1,200 ml. of clear 
yellow fluid were removed from the pericardial sac. 
A “window” was made between the pericardium 
and left pleural space. Cultures of the pericardial 
fluid did not give growth of any pathogenic or- 
ganisms. Biopsy of the pericardium gave normal 
results, 

The patient was seen again in February 1956, 
at which time she was well. The cardiac shadow 
returned to normal size, and it was still normal in 
November 1957 (fig. 3 d). 

Comment. Pericardial effusion was present in 
this patient for at least 8 years. Despite the 
history of chorea at age 15, evidence of rheumatic 
heart disease was absent, as was any evidence to 
suggest that the pericardial effusion was on a 
rheumatic basis. 


Case 3 


A 64-year-old white married woman came 
to the clinic in February 1955 because of a 
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Fig. 2. Case 1. Preoperative and postoperative elec- 
trocardiograms. Note moderate increase in ampli- 
tude of QRS and T waves in most leads, without other 
significant changes. 


hard mass in the region of her thyroid gland. 
She gave a history of exploration of her neck 
for substernal goiter in 1921, and partial removal 
of a thymic tumor (reported as a thymoma) in 
1928. At the time of the latter operation, she had 
complained of dyspnea, and there was increased 
prominence of the superficial venous pattern over 
the neck and thorax that persisted after operation. 
Narrowing of the trachea also had been found in 
1928. She had noted difficulty in taking a deep 
breath at that time but had not experienced 
orthopnea or paroxysmal nocturnal dyspnea. An 
“abnormal” thoracic roentgenogram had been noted 
in 1933, and she had been told of cardiac enlarge- 
ment detected roentgenographically in 1953, al- 
though these films were not available for study. 
Subtotal hysterectomy had been done in 1945. 
Examination in 1955 disclosed dilated super- 
ficial veins over the neck and upper part of the 
thorax. The thyroid gland was moderately en- 
larged, the left lobe being larger than the right, and 
a hard nodule was palpable in the right lobke. 
Cardiac murmurs were absent, and the cardiac 
rate and rhythm were normal. The blood pressure 
was 170/100, and mild hypertensive changes were 
present in the retinal vessels. Peripheral edema 
was absent, and exercise tolerance was normal 
for her age. The value for hemoglobin was 11.9 
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Fig. 3. Case 2. 
1955 
eardiae chambers. 


a and b. Note increase 


Gm. per 100 ml. of blood; erythrocytes numbered 
3,900,000 per mm.® and the leukocyte count was 
4,600. The erythrocytic sedimentation rate was 
36 mm. during the first hour (Westergren tech- 
nic). The thoracic roentgenogram showed globular 
enlargement of the cardiac shadow that was 
thought to indicate pericardial effusion (fig. 4 a). 
Other roentgenologie studies disclosed a calcified 


in 


size of cardiac shadow between 1947 and 


c. Angiocardiography demonstrates that the cardiac enlargement does not involve the 
d. Postoperative cardiac shadow of normal size. 


thyroidal adenoma on the right side and bilateral 
compression of the esophagus above the level of 
the clavicles. A partially calcified mediastinal mass 
also was present, The venous pressure was 20 mm. 
Hg in the arms and 19 mm. in the legs, corrected 
to the midlevel of the right atrium. The electro- 
cardiogram showed decreased amplitude of the 
QRS complexes. Thyroidal uptake of radioiodine 
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Fig. 4. Case 3. a. Note gross enlargement of cardiac shadow, together with an upper 
mediastinal shadow. b. Postoperative appearance, showing normal ecardiae shadow. 


x 


was maximal in the region of the nodule in the 
right lobe. The value for protein-bound iodine was 
5.8 pg. per 100 ml. of serum. Other laboratory 
studies were noncontributory. Angiocardiography 
was not attempted in view of the evidence of ob- 
struction of the superior vena cava. The lesion in 
the thyroid gland was considered benign, and peri- 
cardial exploration was advised. 

At operation, approximately 700 ml. of reddish- 
brown fluid were released from the pericardial sac. 
A diffuse calcified mass, thought to be scar tissue, 
was present in the mediastinum, involving the 
superior vena cava. There was no gross or micro- 
scopic evidence of recurrent thymoma. Malignant 
cells were not present in the fluid. Cultures of the 
pericardial fluid did not produce any growth of 
pathogenic organisms. Histologic examination of 
pericardial tissue revealed fibrous pericarditis with 
zones of infiltration by lymphocytes and plasma 
cells. Following operation, the patient stated that 
she could breathe more easily. The cardiac shadow 
became normal in size, although the evidence of 
superior vena caval obstruction was unchanged 
(fig. 4 b). 

The patient was reexamined 9 months after 
operation, at which time she felt better and had 
no evidence of cardiac disease. The electrocardio- 
gram showed some increase in amplitude of the 
QRS complexes as compared with the preoperative 


tracing. The evidence for superior vena caval ob- 
struction remained, and the other findings were 
unchanged. 

Comment. The chronicity of the effusion in this 
patient was assumed from the reported roent- 
genologic finding of cardiac enlargement 2 years 
before her initial examination at the clinic. Good 
historical evidence existed that superior vena 
caval obstruction had been present prior to the 
thoracotomy in 1928; at that time, a diagnosis 
of thymoma was made, and the tumor was par- 
tially removed, but the surgical record and tissue 
were not available. The thoracotomy in 1955 did 
not reveal evidence of recurrence of a thymic 
tumor, and examination of the pericardium and 
the pericardial fluid did not disclose malignant 
cells. It is thought justifiable to include this case 
as an example of chronic idiopathic pericardial 
effusion, although the possibility is recognized 
that the previous intrathoracic lesion and medi- 
astinal scarring, with venous and lymphatie block- 
age, played an etiologic role. 


Case 4 


A 43-year-old white married woman came to 
the clinic in August 1955 because of loss of energy 
and weight. The menopause had occurred in 1954. 

Examination disclosed a plethoric appearance. 
The blood pressure was 160/120. The retinal 
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10-14-55 


Fig. 5. Case 4. a and b. Note great increase in size of cardiac shadow over a period of 15 
months. c. Angiocardiography demonstrates pericardial effusion with invagination of right 


atrium. d-f. Note spontaneous disappearance of effusion, with return of cardiac silhouette 
to normal. 


arteries showed the changes of group 1 hyperten- 
sion. The value for hemoglobin was 17.6 Gm. per 
cent, and the erythrocytes numbered 6,040,000 
per mm.* The volume of packed cells (hematocrit) 
was 62 per cent. Exercise tolerance was normal. 
Cardiac murmurs were absent, and the venous pres- 
sure was normal. A thoracic roentgenogram re- 
vealed pronounced increase in the size of the car- 
diac shadow as compared with a film taken in May 
1954 (fig. 5 a and b). The cardiac pulsations were 
slightly diminished on fluoroscopy. The electrocar- 
diogram showed a decreased QRS voltage, with 
inverted T waves in lead V;. The presence of peri- 
cardial effusion was suspected, and angiocardiog- 
raphy substantiated this (fig. 5 c). The right atrium 
appeared to be slightly compressed by pericardial 
fluid or thickening. Results of tests of pulmonary 
function were normal. The possibility of a cardiac 


tumor was considered, and thoracotomy was ad- 
vised. 

The patient declined operation and returned 
home. In view of the polycythemia, she was ad- 
vised to discontinue use of the cobalt-containing 
preparation of iron that she had been taking for 
several months for supposed anemia. Her home 
physician followed her progress with serial roent- 
genograms, which revealed diminution in size of 
her cardiac shadow, with a return to normal size 
by February 1956 (fig. 5 d and e). She was re- 
examined at the clinic in January 1958, at which 
time the roentgenogram (fig. 5 f) and blood counts 
were normal. 

Comment. The subsequent clinical course of this 
patient appeared to eliminate the possibility of a 
pericardial tumor. It is possible that the poly- 
eythemia was caused by administration of the 
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a, 


Fig. 6. Case 5. a-d. Note gradual increase in size of cardiac shadow between 1949 (a) and 
1957 (d). e. Angioeardiography shows pericardial effusion. f. Postoperative return to normal 
eardiae shadow. 


iron-cobalt preparation,2? which also may have 
been a factor in the production of the pericardial 
effusion. Her blood counts were normal in Febru- 
ary 1956, which was 7 months after she had dis- 
continued use of the iron-cobalt preparation. 


Case 5 


A 54-year-old white woman came to the clinic 
in June 1957 because of concern over the gradual 
increase in cardiac size revealed by thoracie roent- 
genograms over a period of 11 years (fig. 6 a-d). 
Her chief complaint was chronic fatigue for many 
years. She did not give any history of exertional 
dyspnea, paroxysmal nocturnal dyspnea or orthop- 
nea, and she had not been taking digitalis. 

Examination did not reveal any significant ab- 
normalities other than a retroverted uterus with 
small myomas. The blood pressure was 122/80. 
The heart sounds were normal, and there were 
no murmurs. Roentgenologic studies showed en- 
largement of the cardiac shadow, with normal pul- 


monary vascular markings (fig. 6 d). She appeared 
euthyroid, but she had been taking 0.5 gr. of 
desiccated thyroid daily for 11 years. Her history 
did not support the thesis that she had had myx- 
edema. There was no evidence of pituitary in- 
sufficiency, although her menses had ceased at age 
41 without the occurrence of hot flushes. The basal 
metabolic rate was —19 per cent, and the value 
for protein-bound iodine was 4.7 yg. The plasma 
cholesterol measured 190 mg. All other laboratory 
studies gave normal results. The venous pressure 
was 8 mm. Hg, corrected to the midlevel of the 
right atrium. 

The patient was considered to be euthyroid, 
and pericardial effusion was thought to be the 
cause of the enlargement of her cardiac shadow. 
Angiocardiography confirmed this diagnosis (fig. 
6 e). 

At pericardial exploration, approximately 1,000 
ml. of clear yellow fluid was removed from the 
pericardial sac. A “window” was made between 





CONNOLLY, DRY, GOOD, CLAGETT, BURCHELL 


ig. 7. Case 6. a-c. Note progressive increase in size of cardiac shadow between 1952 and 
1958. d and e. Angiocardiography demonstrates pericardial effusion surrounding right and 
left eardiae chambers, respectively. f. Postoperative return of cardiac silhouette to normal. 


the pericardium and the left pleura. Malignant 
cells were not found, and cultures of the fluid were 
negative for pathogenic organisms. The fluid did 
not contain any lupus erythematosus cells. Histo- 
logic examination of the pericardial tissue dis- 
closed mild fibrous pericarditis. Postoperative 
roentgenograms showed the size of the cardiac 
shadow to be normal (fig. 6 f). 


Case 6 


A 52-year-old white married woman came to 
the clinic in October 1958. She was referred be- 
cause of the roentgenologie finding of cardiac 
enlargement in 1952, with progressive increase in 
the size of the cardiac shadow since then (fig. 7 
a-c). A thoracic roentgenogram in 1930 was al- 
leged to have shown cardiac enlargement. She had 
not experienced exertional dyspnea or paroxysmal 
nocturnal dyspnea. She had had a mild degree of 
sternal depression since childhood. She complained 
of occasional aching pain in the left anterolateral 
aspect of the thorax that was not related to exer- 


tion. Hysterectomy and salpingo-oophorectomy had 
been done in 1948. 

Examination disclosed normal heart sounds. The 
blood pressure was 140/70. The venous pressure 
was 7 mm. Hg, corrected to the midlevel of the 
right atrium. The retinal vessels were normal. 
Results of urinalysis and the values for blood 
sugar, blood urea, and plasma cholesterol were 
normal. The basal metabolic rate was +11 per cent. 
The value for protein-bound iodine was 4.7 yg. 
Results of the lupus erythematosus clot test on 
peripheral blood were normal. Considerable en- 
largement of the cardiac shadow was apparent 
on the thoracic roentgenogram; the pulmonary 
vascular shadows appeared normal (fig. 7 c). A 
slight funnel-chest deformity was present. The 
enlargement of the cardiac shadow was ascribed 
to pericardial effusion, and angiocardiography 
substantiated this impression (fig. 7 d and e). 

Operation disclosed approximately 1,100 ml. of 
clear yellow fluid in the pericardial sac. A “win- 
dow” was made between the pericardium and the 
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left pleural cavity. The fluid did not contain 
malignant cells or lupus erythematosus cells. Cul- 
tures failed to disclose any pathogens. Histologic 
study of the pericardial tissue showed practically 
normal pericardium apart from a mild increase 
in fibrous tissue. A postoperative roentgenogram 
showed the cardiac shadow to be normal (fig. 7 f). 
Comment. Enlargement of the cardiae shadow 
in this patient had been evident roentgenologically 
since 1952. A roentgenogram in 1930 was re- 
ported to have shown cardiac enlargement, but 
this film was not available for examination. There 
has been no long-term follow-up on this patient, 
since the operation was done in February 1959. 


Discussion 

Three cases of chronic pericarditis with ef- 
fusion were reported by Barker and John- 
ston.!® The effusion in their 3 male patients 
persisted from 7 months to 4 years. There was 
no evidence of tuberculosis or rheumatic dis- 
ease, but a possible etiologic factor was pres- 
ent in 2 of the patients in the form of previous 
pheumonia and injury to the thorax, respec- 
tively. Two of the patients presented evidence 
of constrictive pericarditis after the effusion 
had lasted 4 and 2 years, respectively ; a case 
somewhat similar to these 2 of Barker and 
Johnston has been reported by one of us.?? 

Soloff and Bello® reported 2 cases of peri- 
cardial effusion in association with severe ane- 
mia; the effusion had been present for at least 
4 years in one case. Contro and co-workers** 
reported chronic symptomless pericardial effu- 
sion lasting 4 years after pneumonia occurring 
at the age of 7 years. Guidotti and Puddu?> 
reported 2 cases of chronic pericardial effu- 
sion in 2 patients, a 46-year-old man and a 39- 
year-old woman, who were otherwise in ap- 
parently good health. 

Genecin*® recently described chronic peri- 
cardial effusion in 2 brothers. Polycythemia 
was present in the younger patient and the 
effusion had the characteristics of ‘‘ cholesterol 
pericarditis.’’ A vascular anomaly of the skin 
and eyegrounds was noted in the older patient. 

All of our 6 patients were women, and 5 
were menopausal. There was no evidence of 
active tuberculosis or rheumatic disease at the 
time of examination, and none had myxedema 
or signs of systemic lupus erythematosus. Evi- 
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dence of cardiac tamponade was not present 
in any of these patients, but the venous pres- 
sure was grossly increased in 1 (case 3) be- 
cause of superior vena caval obstruction some 
25 years previously. The duration of the peri- 
cardial effusion ranged from 1 to 11 years; 
fluid may have been present as long as 29 
years in case 6, although the reported ‘‘ cardiac 
enlargement’’ in 1930 in this instance could 
not be verified. In case 3, the chronicity of 
the effusion was assumed from the reported 
roentgenologie findings of cardiac enlargement 
at another institution 2 years before. In case 
4, the pericardial effusion was possibly present 
for only a short period before the initial ab- 
normal roentgenogram (fig. 5). None of the 
6 patients gave a history suggesting an epi- 
sode of acute pericarditis. Examination of the 
pericardial fluid gave no clue to the etiologic 
factor, and histologic study of pericardial tis- 
sue was uniformly nonrevealing. Case 4 is of 
interest in view of the coincidence of pericar- 
dial effusion and polycythemia, which almost 
certainly was induced by ingestion of a cobalt- 
containing preparation of iron. 

The diagnosis of pericardial effusion has 
been made during cardiac catheterization by 
demonstrating that the tip of the catheter 
touched the lateral wall of the right atrium 
but did not reach the limit of the cardiac 
shadow.”' Pericardial effusion also has been 
diagnosed by the characteristic configuration 
of the right ventricular pressure pulse, with 
its early diastolic dip and the increased end- 
diastolic pressure.*® However, it appears that 
this diagnostic configuration of the right ven- 
tricular pressure pulse is the result of restric- 
tion of diastolic relaxation of the ventricles, 
and it should not be found in patients with 
pericardial effusion in whom cardiac constric- 
tion has not occurred.?% 3° 

The value of angiocardiography as an aid 
to the diagnosis of pericardial effusion has 
been described previously*! *? and is again 
demonstrated in our 6 patients. Carbon diox- 
ide also has been used as a contrast medium to 
demonstrate the extraluminal density pro- 
duced by pericardial effusion.** 34 The ob- 
taining of fluid by pericardial puncture estab- 
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lishes the diagnosis, and replacement of the 
fluid by air gives information as to cardiac 
size and the degree of thickening of the parie- 
tal pericardium, as well as showing the limits 
of pericardial reflection on the great vessels. 
Clinical examination, fluoroscopy, and elec- 
trocardiography were not of significant dis- 
eriminatory value in our cases. The lack of 
evidence of a lesion capable of producing ear- 
diac hypertrophy or dilatation served as a 
clue to the possible existence of pericardial 
effusion, and this also should be considered 
when thoracic roentgenography shows an en- 
larged cardiac shadow without abnormality of 
the pulmonary vascular shadows. 

It is appreciated that pericardial effusion 
may represent a stage in the development of 
chronic constrictive pericarditis. It is re- 
markable that none of these 6 patients gave 
any evidence of constriction after persistence 
of the effusion for periods up to 11 years. 

None of our patients exhibited the promi- 
nent third heart sound in early diastole de- 
seribed by Barker and Johnston in 2 of their 
eases and occurring commonly in chronie con- 
strictive pericarditis. This sound is related 
to the early decrease in diastolic pressure in 
the ventricular pulse of patients who have 
cardiac constriction ;'* this mechanism is not 
present in pericardial effusion unless the 
fluid is under sufficient pressure to cause re- 
striction of diastolic relaxation of the ven- 
tricles.*° 

Angiocardiography revealed some invagina- 
tion of the right atrium in 1 patient (case 4), 
but there was no evidence of a large organ- 
ized thrombus in the right atrium, such as 
was found in 2 of the cases of Barker and 
Johnston. 

The operation performed on 4 of our pa- 
tients, namely creation of a ‘‘pleuropericar- 
dial window,’’ previously has been found 


satisfactory in patients with pericardial effu- 
sion.?® 21 


Follow-up for variable periods has not re- 
vealed any evidence of recurrence of pericar- 
dial effusion in these 6 patients, all of whom 
noted subjective improvement. 


SUMMARY 


Six cases of chronic pericardial effusion of 
unknown cause are reported. The effusion in 
1 patient followed an old thoracotomy and 
evidence of obstruction of the superior vena 
cava. The remaining 5 patients had not ex- 
perienced any significant preceding illnesses, 
operations, or trauma. The appearance of the 
pericardial effusion in 1 patient appeared to 
be coincident with the onset of polycythemia, 
and disappearance of the effusion followed 
correction of the polycythemia. 

No evidence of cardiac tamponade was 
found in any of the patients despite the per- 
sistence of effusion for periods up to 11 years. 
In 5 of the patients, the pericardial fluid 
measured from 700 to 1,200 ml. at the time 
of operation. 

The importance of angiocardiography as an 
aid to the diagnosis of pericardial effusion 
again is emphasized. 


SUMMARIO IN INTERLINGUA 


Es reportate 6 casos de chronic effusion 
pericardial de etiologia obscur. In 1 del pa- 
tientes, le effusion sequeva un ancian thora- 
cotomia e indicios de obstruction del vena cave 
superior. Le altere 5 patientes habeva expe- 
rientiate nulle previe morbo, operation, o 
trauma de signification. Le apparition del 
effusion pericardial in 1 patiente coincideva 
apparentemente con le declaration de polycy- 
themia. Correction del polycythemia esseva 
sequite per disparition del effusion. 

Nulle indicios de tamponage cardiac esseva 
constatate in ulle del casos, in despecto del 
persistentia del effusion durante periodos de 
usque a 11 annos. In 5 del patientes, le li- 
quido pericardial amontava a inter 700 e 
1.200 ml al tempore del operation. 

Le importantia de angiocardiographia como 
adjuta in le diagnose de effusion pericardial 
es sublineate de novo. 
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Abnormalities of the Arterial Pulse Wave 
in Young Diabetic Subjects 


By Henry Lax, M.D., anp ArtHurR W. FEINBERG, M.D. 


With the technical assistance of William Urban 


Abnormalities have been noted in the arterial pulse wave of human subjects with periph- 
eral arteriosclerosis and with hypertension. The major change, diminution to disappear- 


ance of the dicrotic wave, has also been found in young diabetic subjects. 


The present 


study reports on the differences in the configuration of the arterial pulse wave of 162 
diabetic subjects between the ages of 11 and 29 years and a comparable group of 275 
nondiabetic controls. The findings seem to support the concept that the vascular abnor- 
malities seen in diabetes mellitus are an integral part and not a complication of the 


disease. 


HE increased tendency of the diabetic 

patient to develop evidences of vascular 
degeneration has been well documented. 
White,! Dolger,? and others*:* have shown 
that almost all diabetic subjects have clin- 
ically apparent vascular lesions by the time 
they have had the disease for 15 years. The 
work of Mendlowitz and associates® and of 


Megibow et al. with young adult diabetic 
persons suggests that there may be vascular 
impairment in this disease before such changes 


can be recognized clinically. Ditzel and 
Sagild* * have described abnormalities of the 
capillaries of the bulbar conjunctiva in dia- 
betic subjects as young as 4 years of age and 
in a few nondiabetic adults with a positive 
family history of the disease. To our knowl- 
edge, there have been no other reports of 
vascular impairment in diabetic children. 
Previous studies® shown abnormal 
configurations of the arterial pulse wave in 
a high proportion of diabetic adults. This 
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a 


report is a comparison between the appear- 
ance of the arterial pulse wave in diabetic 
children and young adults up to the age of 
30 years and in a comparable group of non- 
diabetic controls. 


METHODS AND MATERIALS 


A new recording technic has been utilized to 
obtain accurate, reproducible tracings of the 
arterial pulse wave without resorting to intraar- 
terial puncture. The method involves the applica- 
tion of a sensitive rubber cuff with an inelastic 
backing about the finger to be tested. Arterial 
pulsations are picked up from the digit and trans- 
mitted by a system of tubing to a piezo-electric 
erystal. The pressure changes in the cuff, due to 
arterial pulsations, are transformed into changes 
in electrical potential, which are then amplified, 
actuate a string type mirror galvanometer, and 
are recorded photographically.® 1° 

The technic has been shown to be sensitive and 
to give reproducible results. The accuracy of the 
recordings has been demonstrated by the siini- 
larity of simultaneous intraarterial and periar- 
terial tracings.® 

Figures 1 and 2 show typical examples of 
normal and abnormal pulse waves as recorded by 
this technic. The change in the abnormal cases 
appears to be diminution to disappearance of the 
dicrotic wave. This change in the configuration of 
the dicrotic wave has previously been found in pa- 
tients with arteriosclerosis, with hypertension, and 
in all adult diabetic patients over the age of 40 
years.® 

One hundred and sixty-two diabetic patients 
between the ages of 11 and 29 years were ex- 
amined at either the Vanderbilt Clinic of the 
Columbia-Presbyterian Medical Center or Camp 
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Fig. 1. Normal arterial pulse waves recorded from 
the third digit of a healthy 25-year-old man. Vertical 
lines, time signals 0.1 second apart; horizontal lines, 
pressure increments of 10 mm. Hg in the cuff applied 
about the finger. The cuff pressure (P) ‘is recorded 
simultaneously but independently of the components 
of the pulse wave. Note the initial wave (Z) and the 
well-defined dicrotie wave (D). 


NYDA, a summer camp for diabetic children 
sponsored by the New York Diabetic Association. 
All of these patients took insulin. None exhibited 
any evidence of arteriosclerosis or hypertension on 
careful physical examinations. Chest x-rays were 
normal, as was palpation of the peripheral blood 
vessels. Retinal vessels were examined independ- 
ently by a group of ophthalmologists and ad- 
judged normal. 

Two hundred and seventy-five presumably nor- 
mal control subjects between the ages of 11 and 
29 years were also examined with this technic. 
Most of the children between 11 and 16 years of 
age were at the Pleasantville Cottage Camp for 
Children just outside New York City. None of 
the control subjects exhibited glycosuria and those 
with a family history of diabetes were not included 
in this section of the study. 


RESULTS 
Ninety-nine (62 per cent) of the 162 
diabetic subjects had abnormal arterial pulse 
waves, as shown by a diminution to disap- 


Fig. 2. An abnormal arterial pulse wave is shown, 
left. Note the diminished size of the dicrotie wave 
(D). A more severely abnormal arterial pulse wave is 
shown, right, with a complete absence of the dicrotic 
wave. The cuff pressure (P) is recorded on both 
tracings. 


pearance of the dicrotic wave. In contrast, 
only 22 (8 per cent) of the 275 presumably 
healthy young people, also between the ages 
of 11 and 29 years, had abnormalities of their 
arterial pulse wave recordings. 

Subdivision of the diabetic and control 
groups by age did not alter the results (fig. 
3). There were 203 normal children between 
the ages of 11 and 20 of whom only 7 per 
cent displayed any abnormalities, whereas 
60 per cent of 134 diabetic children of com- 
parable age had diminished to absent dicrotic 
waves. There were 72 normal subjects he- 
tween the ages of 21 and-30 years, of whom 
only 11 per cent showed any abnormalities 
while 68 per cent of 28 diabetic subjects in 
this decade had abnormal arterial pulse waves. 

No correlation could be established between 
the severity of the diabetes, as measured by 
insulin requirements, and the presence of an 
abnormal arterial pulse tracing. The longer 
the duration of diabetes, however, the more 
likely was the pulse wave to be abnormal 
(table 1). About half of 85 subjects who 
had been diabetic less than 5 years had ab- 
normal arterial pulse waves. Seventy-six per 
cent, however, were abnormal among 177 
persons who had been diabetic longer than 5 
years. None of these patients, it is important 
to emphasize, had any clinical evidence of 
vascular disease. 

In some cases more than one child from 
the same family was studied. Figure 4 
reproduces the recordings from the index 
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Fig. 3. The percentage of cases with an abnormal 
arterial pulse wave in the 2 age groups studied. 


fingers of 3 siblings, ages 11, 14, and 15. 
The tracing with the diminished dicrotic 
waves is that of a 15-year-old boy who had 
known diabetes for 6 years. Neither of his 
siblings is diabetic and both have well- 
defined dicrotic waves. 

Forty normal subjects between 11 and 29 
years of age, who gave a positive family 
history of diabetes, were also studied. Al- 
though none showed evidence of vascular 
disease, 30 per cent had abnormal arterial 
pulse wave recordings as compared to 8 per 
cent abnormalities among 275 control sub- 
jects without a positive family history of 
diabetes (fig. 5). Glucose tolerance tests were 
not performed. 

DIscussIoN 


The high incidence of arteriosclerotic 
changes in patients with diabetes mellitus is 
well known and, until recently, has been 
considered to be a complication of the car- 
bohydrate derangements in the disease. 
Dolger? first suggested that the circulatory 
and metabolic aspects may well be independ- 
ent of one another and that vascular impair- 
ment may be a basic manifestation rather 
than a complication of diabetes. Support for 
this newer concept has been reported in the 
past few years. Mendlowitz® performed calo- 
rimetric studies and demonstrated decreased 
digital blood flow in the toes of young dia- 
betic adults that was independent of the 
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TABLE 1.—Effect of Duration of Diabetes on Occur- 
rence of Abnormal Arterial Pulse Wave Recordings 





Duration of 
No. of diabetes Vasculogram 
subjects v Normal Abnormal 


<5 Years 
>5 Years 


42(49%) 43 (51%) 
20(24%) 57(76%) 


severity, duration, or age of onset of their 
disease. Megibow® reported evidences of pe- 
ripheral vascular impairment in adult dia- 
betie subjects, who had no clinical evidence 
of arteriosclerosis, by employing a micro- 
plethysmographie technic. Wagener! has 
reported retinopathy in patients whose only 
manifestation of diabetes was a positive glu- 
cose tolerance test. Ditzel and Sagild™ § have 
demonstrated changes in the capillaries and 
venules of the bulbar conjunctiva of normo- 
tensive diabetic subjects as young as 4 years 
of age, none of whom showed any other evi- 
dence of vascular disease. They also reported 
that of 6 supposedly nondiabetic adults who 
showed marked abnormalities of their capil- 
laries, 4 had diabetes in their immediate 
family history. 

Our results lend additional support to 
the concept that diabetes mellitus is, in ac- 
tuality, a multifaceted disease process. The 
pulse wave alterations are present early in 
the course of the disease and are already 
found in half of the children studied when 
diabetes had been present less than 5 years. 
An even higher proportion of abnormal cases 
is found as the duration of the disease 
lengthens. No correlation could be established 
between the presence of this abnormality and 
the severity of the diabetes, as measured by 
insulin requirements. It is important to em- 
phasize that all of these patients had severe 
enough diabetes to require insulin. None had 
any clinical stigmata of vascular disease. 

Further evidence that the vascular ab- 
normalities are not a consequence of the dis- 
turbed carbohydrate metabolism is the fact 
that a high percentage of normal children 
with a positive family history of diabetes 
show alterations of their arterial pulse waves. 
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Fig. 4. Arterial pulse wave recordings from the index fingers of three siblings. The center 
tracing is from a 15-year-old boy with diabetes and shows a markedly diminished dicrotic wave 
when compared to his nondiabetic brother and sister. 


Thirty per cent of the patients with a posi- 
tive family history had abnormal dicrotic 
waves as compared to only 8 per cent abnor- 
malities in the control group. 

A major drawback to clinical studies in 
this field has been the lack of simple methods 
of examining the vascular system. Physical 
examination rarely shows evidence of vas- 
cular abnormalities in diabetic children. 
Microplethysmographie and calorimetric ex- 
aminations require careful controls of room 
and extremity temperature and are imprac- 
tical for large-scale studies. The technic 
described here has the advantage of being 
simple to use and of giving accurate, repro- 
ducible recordings of the arterial pulse wave 
without requiring intra-arterial puncture. 

The mechanism of the observed change 
in the dicrotie wave is still not clear. Clas- 
sically, the dicrotic wave has been ascribed 
to rebound against the closed aortic valve. 
More recent studies!*» 1% have indicated that 
peripheral factors play an important role 
in the formation of the dicrotic segment of 
the arterial pulse wave. Our recent study? 
of the different effects produced by epineph- 
rine and norepinephrine on the dicrotic wave, 
further supports the concept that the dicrotic 
wave is predominantly of peripheral origin. 

Whether the altered dicrotic wave found 
in young diabetic patients reflects some 
change in elasticity or whether it represents 
true organic change in the blood vessels of 
these people is undetermined. Whatever the 
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Fig. 5. Higher incidence of abnormal arterial pulse 
waves in nondiabetic subjects with a family history of 
diabetes as compared to a control group with a nega- 
tive family history of diabetes. 


cause, a method has been presented that 
seems to offer a means of detecting changes 
in the configuration of the arterial pulse wave 
of young diabetic patients, and in some non- 
diabetic subjects with a family history of 
the disease, that antedates clinical evidences 
of change in their vascular system. 


SUMMARY 


A simple, accurate reproducible technic 
for recording the arterial pulse wave without 
requiring intra-arterial puncture has been 
used to study 162 diabetic subjects between 
the ages of 11 and 29 years and a similar 
group of 275 nondiabetic controls. Sixty-two 
per cent of the 162 diabetic subjects had 
abnormal arterial pulse waves. The change 
noted was diminution to disappearance of 
the dicrotic wave. None had any clinical 
evidences of vascular disease. Only 8 per cent 
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of 275 nondiabetic control subjects of the 
same age group had abnormal configurations 
of the arterial pulse wave. 

Forty-nine per cent of the diabetic pa- 
tients who had the disease less than 5 years 
had abnormal pulse waves; 76 per cent were 
abnormal in the group who had been dia- 
betic longer than 5 years. Although appar- 
ently nondiabetic themselves, 30 per cent of 
40 patients with a positive family history 
of diabetes had abnormal arterial pulse 
waves. 

These findings seem to support the con- 
cept that the vascular abnormalities seen in 
diabetes mellitus are an integral part and 
not a complication of the disease. 
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SuMMARIO IN INTERLINGUA 


Un simple, accurate, e reproducibile technica 
pro le registration del unda de pulso arterial, 
non requirente punctura intra-arterial, es- 
seva usate in le studio de 162 subjectos dia- 
betic de etates de inter 11 e 29 annos e de 
un simile gruppo de 275 nondiabetic sub- 
jectos de controlo. Sexanta-duo pro cento del 
162 subjectos diabetic habeva anormal undas 
de pulso arterial. Le tracto notate como char- 
acteristic esseva diminution 0 mesmo dispari- 
tion del unda dicrotic. Nulle subjecto in iste 
gruppo exhibiva signos clinic de morbo vas- 
cular. Solmente 8 pro cento del nondiabetic 
subjectos de controlo del mesme gruppos de 
etate habeva configurationes anormal in lor 
undas de pulso arterial. 

Inter le diabeticos in qui le morbo habeva 
un duration de minus que 5 annos, 49 pro 
cento habeva anormal undas de pulso ar- 
terial. Inter le diabeticos in qui le morbo 
habeva un duration de plus que 5 annos, 76 
pro cento habeva anormal undas de pulso 
arterial. In un gruppo de 40 patientes nondia- 
betic sed con un historia familial de diabete, 
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30 pro cento habeva anormal undas de pulso 
arterial. 

Iste constatationes pare supportar le con- 
ception que le anormalitates vascular que es 
incontrate in diabete mellite es un parte 
integral del morbo e non un complication de 
illo. 
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Value of Continuous Photoelectric Recording of Dye 
Curves in the Estimation of Cardiac Output 


By D. W. Ricuarpson, M.D., E. M. Wyso, M.D., A. M. Hecut, M.D., anp 
D. P. Frrzparricx, M.D. 


In order to test photoelectric recording of dye curves, simultaneous determinations of 
cardiac output were made in 48 patients with heart disease with the Fick and dye-dilution 
technics. The dye curves were recorded with a Colson densitometer following either intra- 
thoracic or antecubital injection of dye. Both Evans blue and indocyanine green dyes 
were employed. Satisfactory agreement was noted between Fick and dye estimates, 
demonstrating empirically the usefulness of the continuous recording technic. 


VAILABILITY of a cuvette densitom- 

eter, allowing continuous recording of 
the concentration of Evans blue dye in the 
blood, has simplified methodology for esti- 
mation of cardiac output by the dye-dilution 
technic. The classic Hamilton dye-dilution 
method with intermittent sampling and meas- 
urement of dye concentration in plasma has 
been repeatedly shown to compare closely 
with the Fick technic for measurement of 
cardiac output in normal human subjects,” * 
and in patients with heart disease,** but 
photoelectric recording of changing dye con- 
centration in whole blood has been criticized, 
particularly because of the variable optical 
properties of flowing blood.‘ The present 
study was undertaken to compare estimates 
of cardiac output obtained by the Fick and 
dye-dilution technics, the latter utilizing a 
densitometer that continuously recorded the 
concentration of dye in whole blood. Com- 
parisons were also made between intra- 
thoracic and arm-vein injection of dye. 


METHODS 


Subjects were 48 hospital patients with cardio- 
vascular disease ranging in age from 25 to 72 
years and in functional classification from I to III. 
None was dyspneic at rest at the time of catheteri- 
zation. No premedication was given; procaine 1 
per cent was used at the sites of phlebotomy and 
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of the intra-arterial needle. All subjects breathea 
room air. 

In a typical experiment the catheter was intro- 
duced into the pulmonary artery and a needle was 
inserted into a brachial artery. Blood samples for 
calibration of the densitometer were withdrawn 
from the brachial artery. A 15-minute rest period 
was then allowed, following which cardiac output 
measurements were performed. When possible, a 
Fick determination and a dye curve were followed 
by another Fick determination and dye curve, 
performed as rapidly as was possible, usually with- 
in 30 minutes. 

Dye was injected through a- calibrated syringe- 
needle or syringe-catheter system. For recording 
dye-dilution curves, blood was drawn from the 
brachial artery through a Cournand needle, a poly- 
ethylene tube 4 inches in length with inside di- 
ameter of 0.75 mm. (Clay-Adams PE 60), and 
through the cuvette of a standard Colson Model- 
103 densitometer. The volume between the tip of 
the arterial needle and the outflow from the cuvette 
was 0.9 ml. The internal volume of the cuvette was 
0.04 ml. Blood was drawn through the cuvette at 
rates of 0.6 to 0.8 ml. per second. The Colson densi- 
tometer’: ® consists of (1) an incandescent bulb 
light source; (2) Bausch-Lomb interference filters 
for selection of light with wavelength of 630 mz., 
the maximum absorption wavelength of Evans blue, 
or of 800 mu., the peak absorption wavelength of 
indocyanine-green dye; (3) a cuvette through which 
blood passes, made of 2 plane glass surfaces 1.0 
mm. apart, with exposure of a channel 4% by % 
inches through which light passes from light source 
to photomultiplier; and (4) a photomultiplier 
(RCA 931A) with associated electronic circuitry to 
provide output voltage linearly proportional to 
optical density of solutions in the cuvette. 

Two different calibration systems were used in 
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of 275 nondiabetic control subjects of the 
same age group had abnormal configurations 
of the arterial pulse wave. 

Forty-nine per cent of the diabetic pa- 
tients who had the disease less than 5 years 
had abnormal pulse waves; 76 per cent were 
abnormal in the group who had been dia- 
betic longer than 5 years. Although appar- 
ently nondiabetic themselves, 30 per cent of 
40 patients with a positive family history 
of diabetes had abnormal arterial pulse 
waves. 

These findings seem to support the con- 
cept that the vascular abnormalities seen in 
diabetes mellitus are an integral part and 
not a complication of the disease. 
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SUMMARIO IN INTERLINGUA 


Un simple, accurate, e reproducibile technica 
pro le registration del unda de pulso arterial, 
non requirente punctura intra-arterial, es- 
seva usate in le studio de 162 subjectos dia- 
betic de etates de inter 11 e 29 annos e de 
un simile gruppo de 275 nondiabetic sub- 
jectos de controlo. Sexanta-duo pro cento del 
162 subjectos diabetic habeva anormal undas 
de pulso arterial. Le tracto notate como char- 
acteristic esseva diminution 0 mesmo dispari- 
tion del unda dicrotic. Nulle subjecto in iste 
gruppo exhibiva signos clinic de morbo vas- 
cular. Solmente 8 pro cento del nondiabetic 
subjectos de controlo del mesme gruppos de 
etate habeva configurationes anormal in lor 
undas de pulso arterial. 

Inter le diabeticos in qui le morbo habeva 
un duration de minus que 5 annos, 49 pro 
ecento habeva anormal undas de pulso ar- 
terial. Inter le diabeticos in qui le morbo 
habeva un duration de plus que 5 annos, 76 
pro cento habeva anormal undas de pulso 
arterial. In un gruppo de 40 patientes nondia- 
betic sed con un historia familial de diabete, 
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30 pro cento habeva anormal undas de pulso 
arterial. 

Iste constatationes pare supportar le con- 
ception que le anormalitates vascular que es 
inecontrate in diabete mellite es un parte 
integral del morbo e non un complication de 
illo. 
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Value of Continuous Photoelectric Recording of Dye 
Curves in the Estimation of Cardiac Output 


By D. W. RicHarpson, M.D., E. M. Wyso, M.D., A. M. Hecut, M.D., anp 
D. P. Frrzpatrick, M.D. 


In order to test photoelectric recording of dye curves, simultaneous determinations of 
cardiac output were made in 48 patients with heart disease with the Fick and dye-dilution 
technics. The dye curves were recorded with a Colson densitometer following either intra- 
thoracic or antecubital injection of dye. Both Evans blue and indocyanine green dyes 
were employed. Satisfactory agreement was noted between Fick and dye estimates, 
demonstrating empirically the usefulness of the continuous recording technic. 


VAILABILITY of a cuvette densitom- 

eter,’ allowing continuous recording of 
the concentration of Evans blue dye in the 
blood, has simplified methodology for esti- 
mation of cardiac output by the dye-dilution 
technic. The classic Hamilton dye-dilution 
method with intermittent sampling and meas- 
urement of dye concentration in plasma has 
been repeatedly shown to compare closely 
with the Fick technic for measurement of 
cardiac output in normal human subjects,” * 
and in patients with heart disease,** but 
photoelectric recording of changing dye con- 
centration in whole blood has been criticized, 
particularly because of the variable optical 
properties of flowing blood.‘ The present 
study was undertaken to compare estimates 
of cardiac output obtained by the Fick and 
dye-dilution technics, the latter utilizing a 
densitometer that continuously recorded the 
concentration of dye in whole blood. Com- 
parisons were also made between intra- 
thoracic and arm-vein injection of dye. 


METHODS 


Subjects were 48 hospital patients with cardio- 
vascular disease ranging in age from 25 to 72 
years and in functional classification from I to ITI. 
None was dyspneic at rest at the time of catheteri- 
zation. No premedication was given; procaine 1 
per cent was used at the sites of phlebotomy and 
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of the intra-arterial needle. All subjects breathea 
room air. 

In a typical experiment the catheter was intro- 
duced into the pulmonary artery and a needle was 
inserted into a brachial artery. Blood samples for 
calibration of the densitometer were withdrawn 
from the brachial artery. A 15-minute rest period 
was then allowed, following which cardiac output 
measurements were performed. When possible, a 
Fick determination and a dye curve were followed 
by another Fick determination and dye curve, 
performed as rapidly as was possible, usually with- 
in 30 minutes. 

Dye was injected through a calibrated syringe- 
needle or syringe-catheter system. For recording 
dye-dilution curves, blood was drawn from the 
brachial artery through a Cournand needle, a poly- 
ethylene tube 4 inches in length with inside di- 
ameter of 0.75 mm. (Clay-Adams PE 60), and 
through the cuvette of a standard Colson Model- 
103 densitometer. The volume between the tip of 
the arterial needle and the outflow from the cuvette 
was 0.9 ml. The internal volume of the cuvette was 
0.04 ml. Blood was drawn through the cuvette at 
rates of 0.6 to 0.8 ml. per second. The Colson densi- 
tometer’: ® consists of (1) an incandescent bulb 
light source; (2) Bausch-Lomb interference filters 
for selection of light with wavelength of 630 mz., 
the maximum absorption wavelength of Evans blue, 
or of 800 mu., the peak absorption wavelength of 
indocyanine-green dye; (3) a cuvette through which 
blood passes, made of 2 plane glass surfaces 1.0 
mm. apart, with exposure of a channel 4% by % 
inches through which light passes from light source 
to photomultiplier; and (4) a photomultiplier 
(RCA 931A) with associated electronic cireuitry to 
provide output voltage linearly proportional to 
optical density of solutions in the cuvette. 

Two different calibration systems were used in 
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o Whole Blood 
X Plasma 


Dye Concentration-—mg/L 


20 40 60 80 100 
Recorder Deflection-mm 

Fig. 1. Relation between dye concentration and de- 
flection of the densitometer recorder system. Indo- 
eyanine-green dye was dissolved in whole bank blood 
to make 3 known dye concentrations. Each sample 
was drawn through the cuvette and its effect on den- 
sitometer deflection was recorded. The samples were 
then centrifuged and their plasma pulled through the 
cuvette. The graph demonstrates the linear relation 
between dye concentration and recorder deflection in 
plasma and in whole blood. Similar linearity was 
found with Evans blue dye. 


the studies reported. All results regarding measure- 
ments of cardiac output using Evans blue dye were 
derived from curves calibrated as follows: prior to 
the measurement of cardiac output in each patient 
100 ml. of arterial blood were collected anaero- 
bieally in a mereury-filled sampling tube. Twenty- 
milliliter lots of this undyed blood were trans- 
ferred anaerobically to oiled syringes, and a known 
volume of 5 per cent Evans blue dye was then 
added from a ealibrated Krogh-Keys pipette 
through a long, no.-26 needle into each syringe. 
For each patient, these anaerobically prepared 
samples, one of which was undyed and 3 of which 
contained varying concentrations of dye, were 
then pulled through the same needle, tubing, and 
cuvette, with use of the same falling-mereury 


sampling system. Rate of blood flow through the 
cuvette was, therefore, the same during calibration 
as during recording of the dye curves. From these 
anaerobically collected blood samples a graph of 
the relation between dye concentration and re- 
corder deflection was plotted. From this relation 
a factor was derived that was used to convert milli- 
meters of recorder deflection to concentration of 
dye. 

In the studies using indocyanine-green dye,!° a 
syringe pump capable of drawing blood through 
the Colson cuvette at a constant rate was employed, 
and measurements made with green dye were cali- 
brated according to a method described by Theilen 
et al.!! similar to that used by Emmanuel, Laey, 
and Newman.!2 be 

Figure 1 demonstrates the linear relation between 
deflection of the cuvette-recorder system and con- 
centration of indocyanine-green dye in both plasma 
and whole blood. Similar linearity was observed 
with Evans blue dye. 

Fick gas collections were made over 5- or 6- 
minute periods with use of a nose clip, mouthpiece, 
and Douglas bag. Arterial and mixed venous sam- 
ples were collected anaerobically over a 1-minute 
period in the middle of the gas collection. Blood 
samples were analyzed in duplicate for oxygen by 
the technic of Van Slyke and Neill,!* expired gas 
was analyzed for carbon dioxide and oxygen by the 
Scholander apparatus, and oxygen consumption 
was calculated by the method of Haldane and 
Priestly.!4 Intra-arterial pressure was recorded be- 
fore the first and after the last output determina- 
tions. No significant differences in blood pressure 
or in hematocrit value occurred between the first 
and last output measurements in a given individual. 


RESULTS 


Fick determinations were compared with 
intrathoracic dye injection in 54 studies in 36 
patients (fig. 2). Good agreement between 
individual Fick and dye estimates was found. 
In 43 of the total 54 comparisons, cardiac 
index estimated by dye dilution was within 
12.5 per cent of the Fick estimate, and in no 
case was the difference greater than 25 per cent. 
Average cardiac index determined by the 
Fick method was 2.44 L. per minute per M.? 
and by the dye method the average value was 
2.36 L. per minute per M.? The averages of 
the two methods differed by 0.08 L. per 
minute per M2 (3 per cent). Standard 
deviation of the individual differences be- 
tween repeat determinations of cardiae out- 
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Fick Cardiac Index L/min/m* 


mean of Fick= 2.44 
mean of Dye= 2.36 
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Dye Cardiac Index L/min /m2 


L/min/m2 


mean of L=2 427 
mean of 1=2 428 


FickI 


25 30 35 
Fick L/min /m2 
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Fig. 2 Top. Comparison of cardiac index measured 
by indicator-dilution with nearly simultaneous esti 
mates by the Fick method in the same subjects. 
Heavy line joins points indicating equal estimates by 
both methods. The difference between the means is 
3 per cent (0.08 L. per minute per M.*) of the Fick 
mean, and the standard deviation of the individual 
differences between Fick and dye values is 0.29 L. 
per minute per M.? 

Fig. 3 Middle. The reproducibility of the Fick meas- 
urement. Points, comparison of an estimate of cardiac 
index by the Fick method with another estimate by 
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put in the same patient by the Fick method 
and by the dye method was 0.29 L. per min- 
ute per M.? The means were not significantly 
different as evaluated by the standard Fisher 
t test. 

The variability between 2 Fick determina- 
tions in the same subject was about the same 
as that between 2 successive dye estimates. 
Figure 3 compares the cardiac index ob- 
tained by the first Fick estimate with that 
by the second Fick estimate in the same pa- 
tient. Figure 4 shows similar comparisons of 
2 dye estimates in the same subject. 

The continuous densitometeric recording 
method used in these studies was compared 
with the classic intermittent sampling technic 
of Hamilton in 2 experiments. Dye was in- 
jected into the pulmonary artery. The densi- 
tometer continuously recorded dye concentra- 
tion in brachial artery blood, while at the 
same time intermittent samples were col- 
lected from a femoral artery at 2-second 
intervals through a no.-17 needle and 3-inch 
length of Clay-Adams polyethylene 190 
tubing. Plasma from each of the intermittent 
samples was diluted 1:9, and concentration 
of indocyanine-green dye was measured with 
a Beckman model B_ spectrophotometer. 
Figure 5 shows the curves of plasma dye 
concentration obtained by both technics and 
demonstrates close agreement observed in 
both trials. 

Measurement of cardiac output by injec- 
tion of dye into an antecubital vein was com- 
pared with estimates by the Fick method, 
in order to explore further the value of arm- 
vein dye injection in estimation of cardiac 
output. Dye was injected through a no. 15 





the same method a few minutes later under the same 
experimental conditions. Standard deviation of the 
differences between 2 successive determinations in the 
same subject is 0.27 L. per minute per M.” 

Fig. 4 Bottom. The reproducibility of dye estimates. 
Points, a comparison of an estimate of cardiac index 
by the dye-dilution method with another estimate a 
few minutes later under the same experimental condi- 
tions. Standard deviation of the difference between 
3 successive determinations in the same subject is 
0.26 L. per minute per M.* 
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Fig. 5 Top. Dye-dilution curves obtained by continu- 
ous and intermittent sampling technics. Each pair of 
curves records simultaneous determinations by the 2 
technics in a given subject. 

Fig. 6 Middle. Comparison of cardiac index esti- 
mates from antecubital vein dye injection (horizontal 
axis) with estimates obtained by Fick method in the 
same subjects. Mean of the dye values was 2.3 L. 
per minute per M2 Average of the Fick determina- 
tions was 2.3 L. per minute per M.? Standard devia- 
tion of the differences between individual determina- 
tions was 0.28 L. per minute per M. 
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or 17 needle and was followed immediately 
by 20 ml. of saline solution to propel the 
bolus of dye promptly into the central circu- 
lation. Figure 6 demonstrates the comparison 
of antecubital dye injection and Fick esti- 
mates of cardiac index. In 14 of 20 deter- 
minations, cardiac index measured by fore- 
arm dye injection was within 12.5 per cent 
of the Fick index, and in no instance was 
the difference between the 2 so great as 25 
per cent. In 11 of the 20 determinations the 
Fick estimate was higher than the dye 
value, but average values were not signifi- 
cantly different. (Fick, 2.42 L. per minute 
per M.*; dye, 2.25 L. per minute per M.?) 

Following arm-vein dye injection, circula- 
tion time (to peak of curve) averaged 28 
seconds, with individual values ranging from 
18 to 57 seconds. These values were distinctly 
more prolonged than circulation times ob- 
tained with intrathoracic dye injection, which 
averaged 18 seconds, individual determina- 
tions varying from 10 to 27 seconds. Although 
there was definite correlation between circu- 
lation time and ecardiae output in the entire 
group, figure 7 demonstrates the wide varia- 
tion in cardiac index associated with any 
given value of circulation time. 

TIndocyanine-green dye has been adminis- 
tered to 45 patients in these and related 
studies. Individual doses have ranged from 
5 to 15 mg., and total doses in individual 
patients have reached 60 mg. The dye has 
produced no toxic effects, nor has skin dis- 
coloration been observed. Green color, de- 
tectable by the densitometer, disappeared 
from the plasma in 15 minutes. Observations 
of urine sediment, serum bilirubin, white 
blood count, and hematocrit level, made 20 
hours following multiple injections of the 
dye in 10 individuals, showed no change from 
preinjection values. 


Fic. 7 Bottom. Relation between circulation time 
and eardiac index. Circulation times are the times 
from intrathoracic dye injection to the peak of the 
dye curve. Cardiac indexes are those caleulated from 
the same dye curve in which the circulation time wag 
measured. 





uae 











Pen rey 


RE UTR ON ETET SECENENOR EEN TRIER EE LET 


DYE CURVES AND CARDIAC OUTPUT 


Discussion 


The data demonstrate satisfactory agree- 
ment between dye and Fick estimates of car- 
diac output in patients with heart disease, 
and suggest that densitometric recording 
is sufficiently accurate for practical purposes. 
Table 1 presents data available in the English 
literature comparing Fick with dye estimates. 
In addition, Ring et al.,!° have presented 
comparison of the Wood cuvette oximeter with 
the intermittent-sampling technic for meas- 
urement of cardiac output by dye dilution. 
They demonstrated good agreement, in 24 
comparisons in 12 subjects, the difference be- 
tween the 2 methods averaging 2 per cent. 
No individual difference exceeded 8 per 
cent. 

These empiric demonstrations of close 
agreement between 2 quite different ap- 
proaches to measurement of cardiae output 
buttress the solid theoretic bases of each 
method to lend support to the conclusion 
that both technics accurately estimate the 
volume of blood pumped by the heart. In 
individual subjects, slight differences between 
Fick and dye estimates are not surprising, 
since the dye method records average output 
during a 30-second period, while the Fick 
procedure calculates average cardiac output 
for a 5-minute period. Close agreement be- 
tween successive Fick and dye determinations 
implies a remarkably steady state existing 
during the 30 minutes required to record 2 
Fick and 2 dye measurements. 

Advantages of Densitometric Measurement. 
The greatest single advantage of photocell 
recording of dye-dilution curves over the 
classic intermittent-sampling method of Ham- 
ilton lies in the ability of the investigator to 
visualize the curve as it is sampled rather than 
hours later. Unsatisfactory curves can be re- 
peated at once. The sensitivity of the instru- 
ment has allowed routine recording of excel- 
lent curves following injection of only 10 mg. 
of Evans blue dye, permitting 4 successive de- 
terminations of cardiac output in the same 
subject without blue discoloration of the 
skin. Convenience in recording the dye 
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TABLE 1.—Comparisons, by Others, of Fick and Dye- 
Dilution Technics 











Average “&% Error” 
cardiac index Fick-dye 
Number of (L./min./M.?) x100+- 
Authors comparisons Fick Dye Fick 
Doyle® 78* 3.06 2.86 7 
Neely* 39T 3.29 3.85 —17 
Hamilton‘ 48t 4.04 4.22 —5 
Werko® 69§ 3.39 3.03 — 4 
Kopelman 
and Lee® 28] 2.54% 2.54 
Nicholson™ 8° 2.61 2.73 —5 
Friedlich* 9° 3.40 3.03 11 
Present series 48 2.44 2.36 a 


*Fifty-three normal, 25 with heart disease, fune- 
tional classes I-IV. 

{Twenty-two normal subjects. 

tSeven normal and 24 patients with heart and lung 
disease. Six determinations during exercise. 

§Six normal; rest hypertensive, rheumatic heart 
disease, cor pulmonale, functional classes I-IV. 

Ten normal, 10 rheumatic heart disease with mitral 
stenosis, 8 with left ventricular failure. 

#Data given by authors for cardiae output only. 
Figures presented are authors’ means divided by 1.73. 

°¢¢Patients with cardiovascular abnormalities.’’ 
Dye curves recorded continuously. 


eurve and reduction of blood lost during 
sampling represent further advantages of 
densitometer recording. The small volume of 
the cuvette (0.04 ml.) allows complete re- 
placement of the blood in the cuvette many 
times in each second, so that a very large 
number of individual values of dye concen- 
tration are available for plotting. This factor 
is of particular value in rapidly changing dye 
eurves, for instance in the localization of 
right-to-left intracardiac shunts. 
Disadvantages. The most serious disad- 
vantages of this method centered around the 
calibration procedure used with Evans blue 
dye. About 100 ml. of blood were collected 
from each subject for calibration purposes. 
Addition of 0.2 ml., 0.4 ml., and 0.6 ml. of 5 
per cent Evans blue to 20 ml. of blood gave 
optimal deflections in the recording system 
used. Accurate delivery of these small vol- 
umes of dye into the blood under anaerobic 
conditions represented a difficult problem. In 
an annoying minority of the determinations, 
perfectly good dye curves could not be used 
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for calculation of cardiac output because of 
obviously nonlinear calibration. A sufficient 
number of calibrations was recorded in which 
a straight line connected the origin and 3 dye 
concentrations to indicate that deflection of 
the recorder was linearly related to dye con- 
centration in whole blood, and that nonlinear 
calibration was caused by errors in pipetting 
the dye. The disadvantages, inherent in this 
calibration procedure, led in the more recent 
measurements using green dye, to the use of 
the calibration method of Theilen et al." in 
which blood collected during actual inserip- 
tion of the dye curves is used for calibration, 
with reduction of blood shed and avoidance 
of pipetting errors. 

Agreement between Fick estimates of 
cardiac output and those obtained by ante- 
cubital dye injection reemphasizes an addi- 
tional advantage of the dye method; namely, 
its usefulness in patients in whom cardiac 
catheterization is inconvenient or inadvisable. 
Dye curves tend to be more spread out and 
to have lower peaks as the injection site is 
moved farther from the sampling site,!® and 
occasionally curves obtained by arm-vein in- 
jection are so flat as to be useless, particu- 
larly in patients with marked valvular regur- 
gitation or great increase in pulmonary blood 
volume. In such instances, a larger dose of 
dye may prove useful, but intrathoracic in- 
jection of dye is often necessary. 

Indocyanine-green dye’® has proved non- 
toxic, of good optical density, and easy to 
handle. Its chief advantage over Evans blue 
dye lies in the fact that it may be adminis- 
tered repeatedly without skin discoloration. 
Both its color and the rapidity with which 
it is cleared from plasma contribute to this 
useful feature. A second advantage of in- 
docyanine-green dye relates to its wave- 
length of maximum light absorptivn, 800 
myp., a wavelength at which oxygenated and 
reduced hemoglobin absorb light equally. 
With the densitometer filters chosen to trans- 
mit to the photocell light of this wavelength, 
the output of the photocell is practically inde- 
pendent of the oxygen saturation of the 


blood. The desitometer, therefore, recognizes 
changes in hemoglobin saturation very poorly, 
and dye curves are uninfluenced by marked 
fluctuation in the oxygen content of the blood. 
Fading of color and aggregation of dye parti- 
cles have not been a problem if green dye 
is dissolved first in the diluent supplied with 
the dye and then in plasma. Fading is rapid 
in water or saline solutions. 


SUMMARY 

Continuous recording of dye concentration 
in blood by means of a photoelectric densitom- 
eter has proved a convenient technic for esti- 
mation of cardiac output by the indicator- 
dilution principle. Comparison of this technic 
with the Fick method has demonstrated close 
agreement in 48 human subjects with heart 
disease. Though most of the dye curves were 
produced by intracardiac dye injection, ante- 
eubital vein injection also produced esti- 
mates of cardiac output that compared favor- 
ably with nearly simultaneous Fick estimates. 

The close agreement observed empirically 
between these widely different approaches to 
measurement of cardiac output supports the 
theoretic bases of the 2 methods in suggesting 
that cardiac output can be accurately esti- 
mated in the intact human, with ease and con- 
venience. 
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SUMMARIO IN INTERLINGUA 


Le registration continue del concentration 
de colorante in le sanguine per medio de un 
densitometro photoelectric se ha provate un 
convenibile technica in le estimation del 
rendimento cardiac super le base del principio 
del dilution de indicatores. Le comparation 
de iste technica con le methodo de Fick in 48 
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subjectos human con morbo cardiac ha 
demonstrate un alte grado de concordantia. 
Le majoritate del curvas de colorante esseva 
basate super injectiones intracardiac, sed in- 
jectiones in venas antecubital resultava etiam 
in estimationes de rendimento cardiac ben 
comparabile con illos de quasi simultanee 
estimationes secundo le methodo de Fick. 
Le intime concordantia empiricamente ob- 
servate inter iste differentissime methodos pro 
le measuration del rendimento cardiac sup- 
porta le bases theoric de ille methodos. Le 
ultime conclusion practic pare esser que le 
rendimento cardiac pote esser determinate 
accuratemente in humanos intacte e que le 
procedimentos technic que es requirite in 
tal determinationes es facile e convenibile. 
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Atherosclerosis in the Bantu 


By Jack P. Srrone, M.D., Jonn Wartnwrieut, M.D., ano 
Henry C. MoGitu, Jr., M.D. 


The aortic lesions of atherosclerosis in Bantu, aged 1 to 40 years, have been studied in 
241 autopsied cases from Durban, South Africa. The findings are compared with those 
from a similar study of white and Negro cases in New Orleans, La. The relationship 
of incidence and quantitative extent of aortic fatty streaks and fibrous plaques to race, 
environment, blood lipid levels, coagulation factors, and clinical manifestations of athero- 


sclerosis is discussed. 


HE Bantu population in South Africa is 

of great medical interest because of the 
growing body of evidence that this group is 
less subject to the fatal sequelae of athero- 
sclerosis than North Americans and Euro- 
peans. 

An analysis of cardiovascular disease in 
3,000 consecutive autopsies on Bantu and Col- 
oured at Johannesburg General Hospital by 
Becker in 1946 revealed atheroma as a direct 
eause of death in only 0.4 per cent of the 
eases.| Higginson and Pepler in 1954 men- 
tioned the widespread clinical belief that the 
more severe complications of atherosclerosis 
such as cerebral and coronary thrombosis are 
rare among the Bantu, and in their analysis 
of records from 1,328 consecutive autopsies 
found only 7 cases of coronary thrombosis and 
myocardial infaretion.? Vogelpoel and Schrire 
in 1955 studied the incidence of myocardial 
infarction in Capetown as shown by electro- 
cardiography and found that it was rare in 
the Bantu, more common in the Cape Coloured 
and still more frequent in the European.® In 
another electrocardiographic survey in 1958 
Schrire reported essentially similar findings.* 
Analysis of autopsy material in Durban, South 
Africa (table 1) indicates that myocardial in- 
farcts in Bantu are much less common than in 
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Europeans from Durban in the same age 
groups. Even in older individuals, cases of 
myocardial infarction are extremely rare in 
the Bantu. 

Thus, the cumulative evidence from a wide 
variety of sources is quite convincing that 
myocardial infarction is rare in the Bantu. 
There has been a tendency, however, to inter- 
pret this observation as an indication that the 
Bantu is free of atherosclerosis or only rarely 
involved by atherosclerosis. 

It is important to distinguish clearly be- 
tween the incidence and extent of the arterial 
lesions of atherosclerosis and the incidence of 
clinically manifest disease due to atheroscle- 
rosis. Although, as previously stated, Becker 
reported that atheroma was the direct cause 
of death in only a small percentage of autopsy 
eases studied, he found that atheroma was the 
most common of all the cardiovascular lesions 
present, occurring in 27.5 per cent of routine 
postmortem examinations.' In comparing his 
data with results of autopsy studies appearing 
in the literature, he concluded that the inci- 
dence of atherosclerosis in the Bantu up to the 
age of 45 years is not far removed from that 
in other races; its incidence in the succeeding 
years, especially in advanced age, may be 
slightly less. In their comparative study 
Higginson and Pepler came to the conclusion 
that severe atherosclerosis is relatively infre- 
quent among the Bantu in comparison with 
Danish cases ; that there is less coronary scle- 
rosis and occlusion than in the United States; 
and that aortic atherosclerosis is less severe 
in the Bantu than in Europeans living in 
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South Africa. Laurie and Woods disagreed 
with the view that atherosclerosis is rare in 
the Bantu.® On the basis of autopsy studies 
they have reported that aortic atherosclerosis 
is common. 

If myocardial infarction is much less com- 
mon in the Bantu than in other populations, 
it is highly desirable to know the relative in- 
cidence and extent of the arterial lesions of 
atherosclerosis. Such data will yield valuable 
information concerning the pathogenesis of 
atherosclerotic lesions and their relationship 
to clinically manifest disease. 

This report is a comparison of the early 
aortic lesions in autopsy material from South 
Africa and the United States collected and 
preserved in an identical manner and exam- 
ined by the same observers. Three distinct 
groups considered in this report are the South 
African Bantu, the New Orleans Negro, and 
the New Orleans white man. The present 
study has been restricted to individuals of 
ages 1 to 40 years for reasons cited in previous 
reports on the New Orleans material:* * 


MATERIALS AND METHODS 


Aortas were collected from 241 necropsies of 
Bantu between 1 and 40 years of age at King Ed- 
ward VIII Hospital, Durban, South Africa, and 
from 461 necropsies of white and Negro subjects 
at Charity Hospital of Louisiana at New Orleans 
and the office of the Coroner, Parish of Orleans 
(table 2). Data on the New Orleans cases have 
been presented in some detail in a previous re- 
port.® The specimens from South Africa and New 
Orleans were processed in an identical manner. 
After dissection and fixation in 10 per cent for- 
malin, the specimens were stained with Sudan IV 
and packaged in transparent plastic bags.’ Eval- 
uation of lesions from both geographic areas for 
this study were made by the same observers (J.P.S. 
and H.C.M.). Regrading of the Bantu material by 
J.W. was in close agreement with the initial grad- 
ing. The grading system was based on estimated 
percentage of intimal surface of the aorta in- 
volved by fatty streaks, fibrous plaques, and com- 
plicated lesions. Definitions and illustrations of 
these different types of lesions have been given 
in detail previously.® Figure 1 demonstrates fatty 
streaks in 2 aortas of Bantu after staining with 
Sudan IV. Fatty streaks are flat or slightly ele- 
vated pale yellow patches, flecks, and streaks 
which are stained selectively by fat stains. Fibrous 
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TABLE 1.—Myocardial Infarcts in Series of Con- 
secutive Autopsied Cases, 1951-1958, in Durban, South 
Africa 











Bantu Europeans 

& 3 

AS As 

8F 3 

= Sa on Sa 
fy was 288 G3 3S 288 
s oe Sse $85 Se fee SES 
gf , 38 3a nse 88 $83 488 
2&3 8&2 SEE RES 88 SEE ABE 
21-40 M 566 8 5 64 5 7.8 
F 482 0 0 48 2 4.2 
41-60 M 616 6 1 290 33 11.4 
F 301 0 Oo- 163 12 7.3 
61 M 201 1 5 468 #62 11.1 

and 

over F 120 0 0 301 39 13.0 


TABLE 2.—Seven Hundred and Two Aortas from 
Cases Age 1 to 40 years 








Male Female Total 
Bantu 123 118 241 
New Orleans 162 137 299 
Negro 
New Orleans 102 60 162 
white 
Total 387 315 702 





plaques are elevated gray white glistening intimal 
plaques. Complicated lesions are those plaques 
with ulceration, calcification, thrombosis, or hem- 
orrhage. 


RESULTS 


The results are presented in tables 3 and 4. 
Complicated lesions as defined above were in- 
significant in all groups. The average extent 
of each type of lesion in the Bantu is depicted 
graphically in figures 2 and 4. The average 
extent of involvement in Bantu and New Or- 
leans cases is compared in figures 3 and 5. 


Fatty Streaks 


Aortic fatty streaks are present in many 
of the Bantu cases in the first decade as seen 
in table 3. After the first decade all of the 
Bantu cases have fatty streaks to some degree. 
The prevalence of fatty streaks in the Bantu 
is similar to that in the New Orleans Negro 
and white cases. 
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Fig. 1. Aortas from Bantu demonstrating fatty streaks. The aortas have been stained 
grossly with Sudan IV. Fatty streaks appear black in this photograph. Aorta 5-58-198 from 
a 19-year-old Bantu man, who died from pulmonary tuberculosis, was graded as 45 per cent 
surface involvement with fatty streaks. Aorta 5-58-189 from a 15-year Bantu girl, who 
died from pulmonary tuberculosis, was graded as 18 per cent surface involvement with fatty 
streaks. There are no fibrous plaques or complicated lesions in either specimen. 


The average percentages of the intimal sur- 
face of the aorta involved with fatty streaks 
in male and female Bantu are shown in figure 
2. There is only a small amount of surface 
involvement in the first decade followed by 
a sharp increase in both sexes in the second 
decade. This rapid rise reaches a peak in 
the 21 to 25 year age group. After this period 
there is a leveling off and apparent regression 
of fatty streaking until the fourth decade. 
There is no consistent sex difference in fatty 
streaks although from 21 to 36 years of age, 
women show slightly more average surface 
involvement than men. 

It should be emphasized that while averages 
are being compared in figure 2 and subse- 
quently in figures 3 to 5, there is considerable 
variation in the quantitative degree of surface 
involvement in each age, sex, and race group 
(tables 3 and 4). 

Sex-adjusted averages for surface involve- 
ment with fatty streaks in Bantu, New Or- 
leans Negro, and New Orleans white cases are 


compared in figure 3. In the 11 to 15 year 
age group in which there is a striking differ- 
ence between New Orleans Negro and New 
Orleans white, the Bantu have an intermediate 
degree of fatty streaks. The possible signifi- 
eance of the differences between Negro and 
white adolescents in New Orleans has been 
discussed in the original report.® In the other 
age groups there are no consistent differences 
between Bantu and New Orleans cases. 


Fibrous Plaques 


In contrast to the similarity in prevalence 
of fatty streaks, fibrous plaques are much less 
prevalent in the Bantu than in either New 
Orleans group. For example, 40 per cent of 
the Bantu in the fourth decade have fibrous 
plaques while 90 per cent of both Negro and 
white cases in New Orleans have fibrous 
plaques. Quantitatively, in terms of average 
per cent surface involvement, the difference 
is even greater. 

Surface involvement with fibrous plaques 
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Aortic Fatty Streaks -Bantu 
241 Coses 
Mole A—A 
FemaleQ—A 


Average Percent Surface involvement 


Fig. 2 Top. Aortic fatty streaks—Bantu, 241 cases. 
Fig. 3 Bottom. Aortie fatty streaks—Bantu, New 
Orleans Negro, and New Orleans white, sex-adjusted. 


is quite low in the Bantu. In figure 4 the 
average per cent of intimal surface involved 
by fibrous plaques in male and female Bantu 
is compared. In the fourth decade the males 
have slightly more surface involvement than 
females. In figure 5 the sex-adjusted average 
in Bantu is compared with the New Orleans 
cases. The Bantu have much less of the in- 
timal surface of the aorta covered by fibrous 
plaques than either New Orleans group. In 
the 36 to 40 year age group the average value 
for Bantu is 3 per cent as compared to 8 per 
cent in the New Orleans Negro and 15 per 
cent in the New Orleans white group. These 
differences are significant by ¢ test. (Bantu 
man vs. New Orleans white man, 36 to 40 
years. p < .001; Bantu woman vs. New Or- 
leans white woman 36-40 years p < .001; 
Bantu man vs. New Orleans Negro 36-40 years 
p < .05; Bantu woman vs. New Orleans Negro 
woman, 36-40 years p < .01.) 


Complicated Lesions 


Lesions with calcification, hemorrhage, 
thrombosis, or ulceration were uncommon in 


Aortic Fibrous Ploques -Bontu 241 Coses 
Male 
FemaieA—A 


Average Percent Surface Involvement 


Age in Yeors 


Aortic Fibrous Plaques -Bontu, New Orleans Negro, & New Orleans White 
Sex odjusted 


— Bontu 
--— New Orleans Negro 
— New Orleans White 


Average Percent Surface involvement 


° 10 
Age in Yeors 


Fie. 4 Top. Aortic fibrous plaques—Bantu, 241 
cases. 

Fig. 5 Bottom. Aortic fibrous plaques—Bantu, New 
Orleans Negro, and New Orleans white, sex-adjusted. 


all groups, and when present, usually con- 
sisted of small areas of calcification. Quantita- 
tively, average surface involvement with com- 
plicated lesions was insignificant in each of 
the 3 population groups. 


Total Intimal Surface Involved 

Total surface covered by all types of lesions 
is for practical purposes the sum of fatty 
streaks and fibrous plaques. In the fourth 
decade total surface involvement was greater 
in the New Orleans white group and least 
in the Bantu. 


Relationship of Findings to Living Popula- 

tion 

Relating the findings from a study of au- 
topsy material to the respective living popu- 
lations is a desirable but difficult goal. Pos- 
sible biases in selection can only be mentioned 
and attempts were made to control as many 
as possible. One such source of possible bias 
is the presence within the 3 groups of unequal 
numbers of cases of hypertension, diabetes 
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TABLE 5.—Average Per Cent of Aortic Intimal 
Surface Involved with Fibrous Plaques after Exclusion 
of Cases with Hypertension, Diabetes Mellitus, and 
Death due to Atherosclerosis 





New Orleans New Orleans 


Bantu Negro white 
Sex M F M F M F 
Age in 
years 
1-10 0 0 0 0 0 0 
11-20 et 0 <l 0 <1 0 
21-30 > <1 l 3 1 <1 


31-40 3 l 5 = 10 6 


TABLE 6.—Comparison of Per Cent Average Surface 
Involvement of Aorta in Accidental Deaths, Bantu 
and New Orleans Men 








21-30 years 31-40 years 
<< _ ee 
e a 5 e& 
& & &s §$ 
= - _ 
: te Ss, 6 6 ee ee 
< Bh c= ec s 2 B= 
= vo es - e om 
(ae) ZZ as fo} ZZ ABs 
No. of cases 10 16 17 8 14 7 
Average surface 
involvement with 
Fatty streaks 16 16 20 21 18 29 


Fibrous plaques <1 <1 <1 <2 3 12 


mellitus, myocardial infarction, encephaloma- 
lacia, and other clinically evident sequelae of 
atherosclerosis, that is, conditions which are 
generally ‘believed to be associated with 
greater than average atherosclerosis. For ex- 
ample, there were 7 deaths due to coronary 
atherosclerosis in the New Orleans white 
group and none in the other 2 groups. To 
eliminate this possible bias the average extent 
of fibrous plaques was calculated for each 
group after the removal of 77 cases falling in 
the categories mentioned above, leaving a 
total of 625 cases from the original 702. As 
seen in table 5, the average per cent of surface 
involvement with fibrous plaques is lowered 
for each group, but the previously described 
differences between the 3 groups remain un- 
changed. This outcome indicates that there 
is a substantial difference in extent of aortic 
fibrous plaques among the 3 populations, even 
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among individuals who die from conditions 
not due to atherosclerosis and who do not have 
hypertension or diabetes. Analysis of fatty 
streaks in the 625 cases showed no changes 
from previous results. 

Another means of testing the applicability 
of these data to the living population is shown 
in table 6, where only accidental or traumatic 
deaths are considered. There was a sufficient 
number of cases of this type only in men 21 
to 40 years of age. The results yield substan- 
tially the same relationships for both fatty 
streaks and fibrous plaques as described above. 

Discussion 

In this comparison of aortic lesions in au- 
topsied cases of South African Bantu, New 
Orleans Negro and New Orleans white man 
it has been clearly shown that the prevalence 
and quantitative extent of fatty streaking is 
quite similar in all groups despite great dif- 
ferences in environmental and racial back- 
ground. Despite the similarity in fatty 
streaking, fibrous plaques develop to a lesser 
extent in the Bantu and appear to parallel 
certain other suspected or reported differences 
between Bantu and other populations. 

The characteristics of the Bantu population 
have been summarized in an excellent review 
by Walker.’ Dietary fat intake and serum 
cholesterol levels are reported to be lower in 
the Bantu than in North Americans and in 
Europeans living in South Africa..°!° The 
results of this study would indicate that there 
is no correlation between the amount of fatty 
streaks and these factors before age 40. How- 
ever, it appears that the extent of aortic fi- 
brous plaques is correlated with all these fac- 
tors, although the mechanism of the associa- 
tion is not known. It should be kept in mind 
in this respect that there are many differences 
between the Bantu and the other 2 popula- 
tions aside from the ones previously men- 
tioned, such as dietary protein, estrogen lev- 
els, liver disease, plasma-protein patterns, 
amount of physical activity, and numerous 
socioeconomic factors.® 

Whether the differences in fibrous plaques 


























seaprernnrnnnena eas 





































See ES Te ee 




























ATHEROSCLEROSIS IN THE BANTU 


among the 3 groups are due primarily to en- 
vironmental or racial and genetic factors can- 
not be determined with certainty from this 
study. The Bantu and New Orleans Negro 
are not strictly identical racially, but a dif- 
ference between the groups of negroid people 
suggests that environmental factors may be at 
least partially responsible for the difference. 
The fact that there is a greater difference in 
fibrous plaques between Bantu and New Or- 
leans white man than Bantu and New Orleans 
Negro suggests that a difference in genetically 
determined ‘‘susceptibility’’ may also exist. 
Studying other Negro and white populations 
under a variety of environmental conditions 
should help resolve the problem of the relative 
importance of these factors. 

The fact that aortic fibrous plaques in the 
fourth decade tend to parallel population dif- 
ferences in myocardial infarction indicates 
that lesions of aortic atherosclerosis very likely 
reflect the degree of coronary atherosclerosis, 
at least on a group basis. Nevertheless, a 
similar comparative study of the coronary ar- 
teries is imperative and has been initiated. 

The dichotomy in the pattern of fatty- 
streak and fibrous-plaque development de- 
serves comment, especially since fatty streaks 
precede fibrous plaques and are generally be- 
lieved to be the first stage of atherosclerosis. 
One possible explanation for a greater amount 
of fibrous plaques developing in a group with 
the same quantitative degree of fatty streaks 
as another may be that the lipid present in 
fatty streaks in different areas is qualitatively 
different. Chemical analyses on gross speci- 
mens of aortas from Bantu and Europeans! 
have shown that in aortas graded equally the 
mean chemical composition was similar for 
both races in specimens with mild to moderate 
atherosclerosis. In severe atherosclerosis with 
similar surface involvement the percentage 
composition in the races differed considerably 
with dry weight, ash and calcium, cholesterol 
being more marked in the white series. These 
studies still do not answer the questions raised 
by the present study concerning the precise 
lipid composition of the fatty streak. More 
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refined methods of microchemical determina- 
tion of lipids, such as vapor-phase chromatog- 
raphy, may make possible an answer to these 
questions. 

There also is a possibility that progression 
of fatty streaks to fibrous plaques may be re- 
lated to the process of fibrin deposition, throm- 
bosis, and organization or to vascularization 
and hemorrhage within fatty streaks. Sev- 
eral studies on blood coagulation factors in 
the Bantu have been reported. Gillman, Nai- 
doo, and Hathorn’ found high levels of fibri- 
nolysins in the Bantu. Merskey, Gordon, and 
Lackner! noted that fibrinolysis was more 
rapid in the Bantu than in the white. How- 
ever, they could not demonstrate any other 
differences in blood coagulation that would 
indicate that the Bantu is less liable to throm- 
bosis than Europeans. It is conceivable that 
a decreased tendency to thrombosis in the 
Bantu might be responsible for both a de- 
creased amount of atherosclerotic lesions (fi- 
brous plaques) and lower incidence of myo- 
cardial infarction. We have found no evidence 
in our studies of the natural history of athero- 
sclerosis to indicate that mural thrombi pre- 
cede the formation of fatty streaks. However, 
it is possible that fatty streaks, as sites of 
tissue damage, are subject to fibrin encrusta- 
tion and thereby are converted to fibrous 
plaque. This hypothesis is attractive in view 
of the experimental studies of O’Neal and 
Thomas, which indicate that there is an affin- 
ity between fat and fibrin.’® At the present 
time, however, there is little evidence for 
this in the human. 

Regardless of the relationship of fatty 
streaks to fibrous plaques, the latter appear 
to be a key factor in the pathogenesis of 
atherosclerosis for they are the earliest of the 
arterial lesions of atherosclerosis to be posi- 
tively correlated with the clinically manifest 
sequelae of atherosclerosis. 


SUMMARY 


The natural history of aortic atherosclerosis 
in the Bantu, of Durban, South Africa, age 
1 to 40 years, is compared to that of the 
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New Orleans Negro and white man in the same 
age group. Fatty streaks are present univer- 
sally in all 3 groups to some extent after the 
first decade. The average surface involvement 
with fatty streaks is not appreciably different 
in the 3 groups .The prevalence and quantita- 
tive extent of fibrous plaques are much less 
in the Bantu than in the New Orleans Negro 
and New Orleans white man. This difference 
does not appear to be due to sampling bias by 
selection of autopsies. The degree of aortic 
fatty streaking in early life is not correlated 
with reported group differences in dietary 
fat intake, serum cholesterol levels, and the 
incidence of clinical manifestations of athero- 
sclerosis in later life. The degree of aortic 
fibrous plaques in the fourth decade does par- 
allel the reported racial and geographie differ- 
ences in these factors. 
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SUMMARIO IN INTERLINGUA 


Le historia natural de atherosclerosis aortic 
in bantus de Durban in Sud-Africa de etates 
de inter 1 e 40 annos es comparate con illo 
in respresentantes del racias negre e blanc 
de Nove Orleans in le mesme gruppo de etate. 
Strias grasse es presente universalmente in 
le 3 categorias a varie grados post le prime 
decennio. Al media le affection de superficie 
con strias grasse non differe appreciabile- 
mente inter le 3 categorias. Le prevalentia e 
le extension quantitative de placas fibrose 
es multo minus marcate in bantus que in 
negros e blancos de Nove Orleans. Iste differ- 
entia non pare esser le effecto de accidentes 
de selection del specimens necroptic. Le grado 
de striation grasse durante le prime phases 
del vita exhibi nulle correlation con le re- 
portate differentia inter le 3 categorias con 
respecto al ingestion dietari de grassia, con 
respecto al nivellos seral de cholesterol, e 
con respecto al incidentia de manifestationes 
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clinic de atherosclerosis a periodos plus avan 
tiate del vita. Le grado del placas fibrose i: 
le aorta durante le quarte decennio del vita 
del altere latere, exhibi un parallela con | 


reportate differentias racial e geographi 
con respecto al factores mentionate. 
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the pressure-flow relationships as well as the gradient, since the latter was found to be 
influenced by the rate of blood flow across the mitral valve. The pressures within the 
pulmonary cireuit were not necessarily a measure of the degree of stenosis. When the 
degree of mitral obstruction and the pulmonary vascular resistance were constant, the 
rate of blood flow varied with the height of the pulmonary artery pressure. When the 
degree of mitral obstruction and the rate of blood flow across the valve were constant, the 
degree of pulmonary vascular resistance was reflected by the height of the pulmonary 
artery pressure. In aortic stenosis, a pressure gradient across the aortic valve during 
ventricular systole was constantly found. In general the systemic blood flow was 
reduced and was a function of the pressure gradient and the degree of aortie obstruction. 

The gradient alone was not an accurate measure of the degree of obstruction. As a 

result of the ventricular hypertrophy in aortie stenosis the pressure-volume elasticity 

relationship of the left ventricle was altered, but this did not correlate with clinical left 
ventricular failure. The applicability of combined heart catheterization in evaluating 
patients for cardiac surgery and surgical technics for correction of stenotic lesions is 
demonstrated. 

SAaGALL 





An Aortic- Right Ventricular Fistula of More than 
Eighteen Months’ Duration 


An Approach to Dynamics 


By Tueopore T. Bronk, M.D., Wituiam J. McDermip, M.D., ano 
Sruon Ropsarp, M.D., PH.D. 


A 79-year-old man who developed evidence suggesting an intracardiac shunt survived 
at least 18 months after its onset. Intracardiae mechanisms that may protect the pul- 
monary circulation from excessive flows are suggested, based on anatomic findings at 


necropsy. 


HE establishment of a fistulous tract 

between the aorta and the right ventricle 
poses eritical problems in cardiopulmonary 
dynamics. The higher aortic pressure drives 
an excessive flow of blood into the right ven- 
tricle and overloads it. The increased pul- 
monary arterial pressure and blood flow lead 
to pulmonary edema and right heart failure, 
thereby precipitating a fulminating course 
and early death in most patients who develop 
such a fistula. 

We have observed a patient with such a 
fistula that had been present for at least 18 
months. Anatomic findings in the heart sug- 
gest a possible mechanism for the prolonged 
survival. 

CasE REPORT 

A 79-year-old white man was first admitted to 
Mount St. Mary’s Hospital on November 21, 1954, 
complaining of severe shortness of breath. The 
patient had noted the onset of dyspnea about 4 
years previously. Treatment with digitalis and 
Mercuhydrin gave definite improvement until 2 
weeks prior to admission, when mental confusion, 
weakness, dyspnea, orthopnea, and ankle edema 
all became marked. 
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The patient did heavy manual labor all his life 
and drank heavily for many years. From age 70, 
he worked as a gardener (mowing lawns and do- 
ing other moderately hard work) without diffi- 
culty until 4 years before death. Three years 
before death, a heart murmur was noted. 

Examination in May 1954 revealed minimal ex- 
ertional dyspnea with neither orthopnea nor de- 
pendent edema. On hospitalization in November 
1954 he was in acute distress. A rough thrill was 
palpable over the precordium and a machinery 
murmur was heard over the entire chest, loudest 
along the left sternal border. The maximal im- 
pulse was at the left anterior axillary line. Breath 
sounds were indistinct, but numerous rales and 
rhonechi were heard bilaterally. The blood pressure 
was 162/40. A double femoral arterial sound 
(Duroziez) was present. The electrocardiogram 
showed delay in atrioventricular conduction, right 
bundle-branch block, and digitalis effeet with runs 
of bigeminy. The white cell count was 27,000 per 
mm.* initially but fell later to 16,000. Four blood 
cultures were negative. X-ray and fluoroscopy re- 
vealed marked cardiae enlargement. ‘The clinical 
picture was considered compatible with ventricular 
septal defect, superimposed on _ arteriosclerotic 
heart disease. The patient improved markedly on 
digitalis and Mereuhydrin, and was discharged 
home. 

The patient was readmitted 1 year later com- 
plaining of intermittent severe chest pain of 3 
weeks’ duration, not necessarily related to exer- 
tion. His general physical condition was un- 
changed, except for some progression of the con- 
gestive heart failure. Blood pressure was 246/60. 
The hemogram showed a hematocrit of 35, hemo- 
globin of 74 per cent, and white blood cell count 
of 16,000 per mm.* Chest films showed an in- 


crease in the heart size and a progression of hilar 
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AORTIC-RIGHT VENTRICULAR FISTULA 


Fic. 1 Top left. The septal surface of the right ventricle is shown. A wooden probe is 
inserted into the fibrous orifice of the anomalous fistula. Immediately above the orifice, the 
hypertrophied crista supraventricularis (CS) is evident as a broad band extending from the 
left upper corner of the photograph to the right margin of the exposed muscle. The dilated 
infundibulum (Jnf.) is seen above the crista on both the right and left sides of the opened 
ventricle. The pulmonary artery and-valve are above. 

Fig. 2 Top right. The probe extends from the fistula in the right coronary sinus, immedi- 
ately below the right coronary artery (C). Aorta (A) is above. 

Fig. 3 Bottom left. Radiograph of the heart showing the fistula at arrow, filled with radi- 
opaque medium. The free walls of the right and left ventricles are on the right and left 


of the septum respectively. 


Fie. 4 Bottom right. Masson trichrome stain of a section of lung showing severe vascular 
congestion with normal pulmonary vessels (xX 100). 


congestion with a suggestion of an inflammatory 
process in the right lung. The electrocardiogram 
continued to show delay in atrioventricular con- 
duction, right bundle-branch block, and bigeminy. 
Again the patient improved markedly with digi- 
talis and Mereuhydrin. He was discharged to a 
nursing home after 10 days. Except for gradually 
increasing anasarea, his condition remained essen- 
tially unchanged until death on April 11, 1956. 
The principal pathologic findings were in the 
heart, which was markedly enlarged, weighing 625 
Gm. The right ventricular wall at the conus arte- 


riosus was 7 mm. thick, and the left ventricular 
wall was 20 mm. thick. The conus, evident as a 
saccular dilatation immediately below the pulmo- 
nary valve, was clearly differentiated from the 
sinus of the right ventricle by a markedly hyper- 
trophied supraventricular crest on the septal wall. 
Immediately below the crest a completely fibrotic 
band less than 1 em. in circumference was seen 
at what appeared to be the junction of 2 columnae 
carneae (fig. 1). This opening led through a tract 
to an ovoid opening with rolled fibrotic edges 1 
em. in circumference, near the lower attachment 
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of the right coronary cusp (fig. 2). Marked ealci- 
fication with some granular projections extended 
into the sinus of Valsalva at the attachment of the 
aortic cusp. The tract was funnel-shaped with its 
greatest circumference at the sinus of Valsalva. 
When it was filled with radiopaque material and 
x-rayed (fig. 3), a narrow diverticulum was dem- 
onstrated in the midportion of the tract extending 
somewhat beneath the muscle of the crista supra- 
ventricularis and ending blindly. The right cor- 
onary orifice was immediately above the opening 
of the tract but had no connection with it. 

Microscopically, the fistulous tract was lined by 
flattened endothelial cells and encircled by a thick 
band of fibrosis, which in places was relatively 
hyalinized. In other regions, numerous elongated 
spindle cells with narrow elongated nuclei were 
present in parallel arrangement. Many elastic 
fibers were mixed with the fibrous tissue covering 
the tract. The right coronary artery and the cir- 
eumflex branch of the left were patent, but showed 
considerable atheromatosis. The anterior descend- 
ing branch of the left coronary artery was oc- 
cluded by an old sclerotic, fibrotic process 3 em. 
from its origin. The myocardium showed no gross 
evidence of recent or old infarction. 

Regions of atelectasis with small foci of bron- 
chopneumonia and bronchitis were present in both 
lower lobes. The pulmonary blood vessels, micro- 
seopically, were congested but showed no signifi- 
cant sclerosis (fig. 4). 

Severe arterial and arteriolar nephrosclerosis 
was evident on microscopic section. Most of the 
small arteries and arterioles of the adrenal glands 
showed thickened walls with intimal fibrosis. 


DIscussION 

The present case has interest from several 
points of view, including the mechanism of 
development of fistulas between the aorta 
and the chambers of the heart, the special 
dynamics induced by the abnormal blood 
flow in such instances; and the potential 
mechanism for protection against excessive 
pulmonary arterial pressures and flows. 

Aneurysmal dilatations at the root of the 
aorta are known to extend in any direction 
and may produce a fistulous connection with 
any of the chambers of the heart, the pul- 
monary artery, and even with the pericar- 
dium.'* These abnormal communications 
have been attributed to specific develop- 
mental defects of the heart and great vessels, 
especially when the fistulae are found in the 
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young.” !° In older individuals, these lesions 
are variously considered to result from con- 
genital defects in the ventricular septum or 
from arteriosclerotic or other degenerative 
processes.) 13 Since these aneurysms and 
fistulas may point in almost any direction, 
the development of a particular type of 
fistula may be ascribed to the combination 
of the mechanical forces and any local site 
of weakness, rather than to a congenital 
anomaly.* The present case history pro- 
vides no evidence for a congenital defect. 
The presence of such a large fistula in the 
heart of a 79-year-old man whose history was 
that of a hard laborer strongly suggests that 
the lesion was acquired. 

Erosion of the base of the aorta may lead 
to a burrowing through the ventricular sep- 
tum, with the establishment of a new channel 
lined by endocardium. In the present in- 
stance, the extensive and specific pattern of 
development of endothelium, collagen, and 
elastic tissue suggests the action of mechani- 
eal forces in transforming the interventricu- 
lar tissues into structures resembling a-blood 
vessel under considerable mechanical tension. 

Most cases with an acquired fistula report 
a signal event characterized by sudden pain 
in the chest or the upper abdomen and the 
immediate appearance of a loud continuous 
murmur near the sternum.* The development 
of the fistula may be more gradual, since no 
report of an acute episode could be elicited in 
our patient and in other reported cases.’” 
Usually the development of a ventricular 
septal defect or an aortic-ventricular fistula 
leads to rapidly progressive congestive fail- 
ure, sometimes associated with endocarditis. 
In the present instance, the fistula apparently 
was present for at least 18 months, and per- 
haps for the entire 6 years that the patient 
was under treatment for heart failure. 

The murmurs and arterial pressures sug- 
gest that flow took place from the aorta into 
the right ventricle during most of the ecyele. 
The machinery-like character of the murmur 
suggests that particularly during early ven- 
tricular systole, some of the flow may have 





























| 
| 



























coor Toe is aaa es 8? 


sc Pa igh NK AR Uc. EL Nate So ROE 


enya 


eet ee ree 


AORTIC-RIGHT VENTRICULAR FISTULA 


been pumped by the right ventricle into the 
aorta. Cardiae nodules at the aortic and ven- 
tricular orifices of the fistulous tract provide 
evidence for the reaction of these tissues to 
a strong stream. 

The compatibility of such a large fistula 
with long survival is of considerable interest. 
In the presence of the fistula, the high aortic 
pressure would tend to drive a rapid flow 
of blood into the right ventricle, with a re- 
sulting excessive pulmonary blood flow. This 
increased flow may account for some of the 
pulmonary congestion, dyspnea, and signs 
of right heart failure. 

Of particular interest in the present case 
was the site of the opening of the fistula imme- 
diately below the remarkably well developed 
supraventricular crest of the right ventricle. 
This muscle band, interposed between the 
ventricular opening of the fistula and 
the outflow tract of the chamber, has been 
implicated on the basis of phylogenetic!® 
and cardiodynamic’™ '* evidence as a mecha- 
nism protecting the pulmonary vasculature 
against excessive blood pressures and flows. 
In congenital ventricular septal defects, the 
high left ventricular pressures are transmit- 
ted directly to the right ventricle and then 
to the pulmonary vessels. Clinical evidence 
has suggested that in such cases, the supra- 
ventricular crest may act as a sphincter dur- 
ing midsystole to prevent these high pressures 
from being transmitted to the pulmonary 
vessels. The fact that the fistula entered the 
right ventricle below the markedly hyper- 
trophied supraventricular crest would place 
the crest in a position to provide a degree 
of regulation of the potential volume of the 
shunt. A partial protective action of the crest 
might thus act to reduce the tendency to 
excessive pressures in the pulmonary arteries. 
Catheterization data in a case of Semler and 
Brandenburg’? demonstrated a definite in- 
crease in systolic pressure when the catheter 
was withdrawn from the outflow to the inflow 
part of the right ventricle, indicating the 
presence of some degree of obstruction to 
outflow from the right ventricle. Further, 


1131 


the evidence in our case for a long-standing 
large shunt (loud murmur, high pulse pres- 
sure, and low diastolic pressure), and the 
absence of significant pulmonary vascular 
sclerosis suggests protection of these vessels 
against such high pressures. 

Definitive diagnosis of these defects through 
clinical study and cardiac catheterization 
has recently become possible.!* !* 19 Attempts 
at surgical repair would appear to be indi- 
cated in some cases. A fistula between the sinus 
of Valsalva and the right atrium, diagnosed 
by aortography and cardiac catheterization, 
has been successfully closed by open-heart 


20 
. Co 
surgery. SUMMARY 


A man of 79 years with progressive con- 
gestive failure was found to have a low dias- 
tolic pressure, a wide pulse pressure, and a 
machinery-type murmur over the _ precor- 
dium. He responded repeatedly to medical 
therapy for congestive failure. A diagnosis of 
an intracardiac shunt was made about 18 


months before death. Autopsy revealed a 
large heart with a fistula joining the sinus 
of Valsalva to the right ventricle immediately 
beneath a hypertrophied crista supraventricu- 
laris. Clinical, physiologie, and pathologic 
aspects of the case are discussed. 


SUMMARIO IN INTERLINGUA 

In un masculo de 79 annos de etate con 
progressive disfallimento congestive, basse 
tension diastolic esseva constatate insimul 
con un large pression de pulso e un murmure 
del typo de locomotiva supra le precordic. 
Le patiente respondeva repetitemente a thera- 
pia medical pro disfallimento congestive. Le 
diagnose de un shunt intracardiac esseva 
facite circa 18 menses ante morte. Le necrop- 
sia revelava un grande corde con un fistula 
inter le sino de Valsalva e le ventriculo dex- 
tere, immediatemente infra un hypertrophiate 
crista supraventricular. Aspectos clinic, physi- 
ologic, e pathologic del caso es discutite. 
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contemporaries, were uninfluenced, so far as we know, by each other’s work or method. 
Harvey had little reputation as a practical physician, and Sydenham cared little for 
theories or experiment. Modern scientific medicine, in which these two great types 
meet, had its rise in France in the early days of this century. True, there had lived 
and worked in England the greatest anatomist and medical thinker of modern times; 
but John Hunter, to whose broad vision disease was but one of the processes of nature 
to be studied, was as a voice crying in the wilderness to the speculative, theoretical 
physicians of his day — Wi ti1am OsLer, M.D. Influence of Louis on American Medicine. 


Johns Hopkins Hospital Bulletin, 1897. 
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Fever 


Pathogenesis and Circulatory Changes 


By W. I. Cranston, M.D., M.R.C.P. 


EVER has been recognized as a common 

and reliable sign of disease for many 
centuries, and many of the associated cir- 
culatory changes have long been known; the 
cold pale skin, the subsequent warmth and 
flushing, and the rapid pulse were well- 
defined clinical signs long before the intro- 
duction of the thermometer. 

The first to the 
nature of the stimulus responsible for fever 
was made at the middle of the last century, 
when several German workers produced 
fever in experimental animals by the injec- 
tion of pus and blood from other infected 
animals. As they were unaware of the nature 
and dangers of bacterial contamination, it is 
difficult to interpret their results. One cannot 
but be impressed by the fact that the same 
general methods of study are still employed 
at the present time; some of this early work 
is described a recent review.! In 1875, 
Von Liebermeister? concluded that in fever 
the body temperature was regulated at an 
abnormally high level, but that the tempera- 
ture-regulating mechanism remained intact 
and efficient. This hypothesis has been sub- 
stantiated by 


experimental approach 


in 


numerous experiments, and 
though it is clearly invalid in the case of 
the pyrexia associated with brain damage, 
it represents the view generally held at 
present. Despite some evidence to the con- 
trary,®? the commonly held concept of fever 
as a change in the setting of a central thermo- 





From the Department of Medicine, Columbia Uni- 
versity College of Physicians and Surgeons, and the 
Presbyterian Hospital in the City of New York, N.Y. 


1133 


stat is probably as nearly correct as any 
other. 


Pathogenesis 

During the past decade, a great deal of 
experimental work has been carried out in 
an attempt to define the stimulus that affects 
the temperature-regulating mechanism. 
apparent that pyrogenic 
materials can be differentiated into at least 
2 groups. Bacterial pyrogens, the endotoxins 


It has become 


of gram-negative bacteria, are typical exam- 
ples of the first group. These endotoxins are 
obtained from gram-negative bacilli and are 
lipopolysaccharide in nature, though they 
may be associated with proteins under cer- 
tain circumstances ;* they are very stable on 
storage and resist autoclaving, but they can 
be destroyed by prolonged exposure to very 
high temperatures. Their ubiquity and _ sta- 
bility are constant sources of anxiety to those 
involved in the preparation and use of any 
material for parenteral administration. 

The second the 
leukocyte have obtained 
from extracts of normal animal leukocytes 
and from tissue fluids of animals that have 
been exposed to bacterial pyrogens or infec- 
tive agents. Presently available evidence sug- 
gests that the latter type of pyrogen may be 
the one that affects the temperature-regulat- 
ing mechanism in most, and possibly all, in- 
stances of fever associated with inflammatory 
conditions. 

After the intravenous injection of a 
bacterial pyrogen into a rabbit, there is a 
delay of 10 to 25 minutes before the tem- 


group, 
pyrogens, 


endogenous or 


been 
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perature begins to rise; in man, the latent 
period is 45 to 90 minutes. Grant and 
Whalen® found that this delay was signifi- 
cantly shortened in rabbits, if the pyrogen 
(typhoid vaccine) was incubated with rabbit 
blood or plasma before injection. The same 
type of accelerated response was observed 
after the injection of serum obtained from 
febrile rabbits 3 hours after they had been 
injected with typhoid vaccine. It appeared 
that a modified, or perhaps totally different, 
type of pyrogen had been discovered and these 
authors first gave the name endogenous 
pyrogen to this rapidly acting material. No 
chemical changes have been detected in rab- 
bit plasma after its incubation with bacterial 
pyrogen.® In man, a similar type of endog- 
enous pyrogen can be produced if bacterial 
pyrogens are incubated with fresh whole 
blood.*;* Serum and plasma are ineffective 
in this respect; incubation with either re- 
sults in inactivation of the bacterial pyro- 
gen,® 1° possibly due to the action of the 
properdin system. In man, the presence of 
white blood cells, probably granulocytes, is 
essential for the production of endogenous 
pyrogen.'! There is evidence that endogenous 
pyrogens are to some extent species-specif- 
ic ;'? endogenous pyrogen obtained from dogs 
is not pyrogenic when injected into rabbits, 
and vice versa. 

If doses of bacterial pyrogen are injected 
intravenously at intervals of 1 or 2 days, the 
febrile response becomes progressively small- 
er, though it does not entirely disappear. 
After the injections have been discontinued, 
susceptibility is restored in 2 to 4 weeks. 
This phenomenon of tolerance is independent 
of specific immune mechanisms; when an ani- 
mal is made tolerant to one bacterial pyro- 
gen, it also becomes tolerant to others. It is 
of interest, and probably of importance, to 
find that such tolerant animals have an in- 
creased resistance to hemorrhage and trau- 
matie shock.'* 

The rate of clearance of pyrogen from the 
peripheral blood has been measured, after 
the intravenous injection of typhoid vac- 
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cine.’* Blood was drawn at intervals from the 
injected rabbits and the serum was then in- 
jected into previously untreated recipients; 
the febrile response of these recipients was 
used as an index of the amount of pyrogen 
in the donors’ blood. When the vaccine was 
injected into donor rabbits, which had not 
previously been exposed to it, the amount 
of pyrogen in the peripheral blood fell off 
rapidly in the first half hour after injection, 
and declined with defervescence. Tolerant 
animals removed all of the pyrogen from 
their blood within a few minutes after injec- 
tion. Nontolerant animals, which had been 
sensitized to the vaccine by its injection sev- 
eral weeks before, also showed a very rapid 
initial clearance of pyrogen from their 
peripheral blood, so that 30 minutes after 
injection no pyrogen could be detected; 
thereafter, pyrogenic material reappeared in 
the blood, and 90 minutes after injection the 
concentration was similar to that at 5 min- 
utes after injection. 

This pyrogen, which appeared later, had 
properties very different from those of the 
vaccine originally injected. It did not give 
rise to tolerance if injected .repeatedly ; toler- 
ant and nontolerant animals responded 
equally to its injection, and it was shown to 
be inactivated by heating to 70 C. for 30 
minutes. The same type of pyrogen was also 
found in the peripheral blood of the first 
group of rabbits which had not previously 
received typhoid vaccine, though here its 
appearance was partly masked by the slower 
initial rate of clearance of the injected vac- 
eine. Although this material has also been 
called endogenous pyrogen, there is some 
doubt whether it is identical with the pyro- 
gen produced as a result of incubating bac- 
terial pyrogen with rabbit plasma. So far as 
their biologic properties are concerned, there 
is no clear-cut differentiation between the 2, 
and the question of their identity must await 
further study. 

It has been suggested that bacterial pyro- 
gens may be cleared from the blood by the 
reticuloendothelial system, and that the de- 
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velopment of tolerance may be due to en- 
hanced activity of this system because toler- 
ance to typhoid vaccine was shown to be 
abolished by the injection of thorotrast.'¢ 
Initial studies with radioactive endotoxin 
showed that tolerant rabbits cleared their 
plasma o* radioactivity more rapidly than 
control animals,’ Much of the radioactive 
material was found in the liver in both 
groups. Similar, more recent studies, with 
use of smaller doses of endotoxin with a 
higher specific activity, have shown no dif- 
ference between the clearance rates in tolerant 
and control animals,'® so that the role of 
the reticuloendothelial system in the develop- 
ment of tolerance is by no means clear. An- 
other possible reason for the development of 
tolerance is failure or exhaustion of the proc- 
ess responsible for the formation of endoge- 
nous pyrogen; some evidence in support of 
this hypothesis has been obtained by Atkins 
and Huang.!® 

The whole problem of the nature of toler- 
ance is still incompletely solved; if large 
doses of endotoxin are given repeatedly, 
tolerance does not develop, although endog- 
enous pyrogen cannot be detected in the 
peripheral blood after the first or second 
injection. This may indicate, as has been sug- 
gested,” that endotoxin can have a direct 
effect upon the temperature-regulating cen- 
ter; it is difficult to establish experimentally 
whether this is so. 

Although pyrogenic polysaccharides have 
been found in normal animal tissues,”! they 
appear to be present in an inactive form, 
and their activity is only disclosed after 
chemical treatment; it is not known whether 
they are active in vivo. Their properties are 
similar to those of bacterial pyrogens, and 
it is uncertain whether they have any effect 
upon temperature regulation in the intact 
animal. 

It is very doubtful whether bacterial py- 
rogens play an imporant direct role in the 
etiology of naturally occurring fever, al- 
though there is some evidence that brucella 
endotoxin may be responsible for the fever 
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of brucellosis, particularly if antibacterial 
agents have been  exhibited.2? Menkin,?* 
searching for the agent responsible for fever 
in animals with sterile inflammatory proc- 
esses, extracted a pyrogenic euglobulin from 
sterile inflammatory exudate, which he called 
pyrexin. This substance has properties simi- 
lar to those of bacterial pyrogens,?* however, 
and the possibility cannot be excluded that 
its efficacy may be, at least in part, due to 
contamination with 
pyrogenic 


bacterial pyrogen or 
tissue polysaccharides. Bennett 
and Beeson,” carefully avoiding this pitfall, 
made saline extracts of many rabbit tissues 
and organs. Extracts of granulocytes alone 
proved pyrogenic on intravenous injection, 
and the pyrogen contained therein had prop- 
erties identical with those of endogenous 
pyrogen, as previously described.** In addi- 
tion, it was apparently resistant to the action 
of trypsin, chymotrypsin, and ribonuclease. 

In all experiments involving the in- 
jection of bacterial pyrogens, it is difficult 
to be sure that endogenous pyrogen is the 
only agent responsible for fever, because of 
the possibility that bacterial pyrogens may 
have some direct action upon the tem- 
perature-regulating mechanism. Accordingly, 
Bennett?® investigated fever due to pneu- 
mococeal peritonitis in rabbits, using pneu- 
mocoeci which themselves contained no pyro- 
gen. By passive transfer methods, he found 
endogenous pyrogen in the peritoneal fluid 
and in the thoracic duct, but not in the 
peripheral blood, of febrile rabbits with 
pneumococcal peritonitis. If this endogenous 
pyrogen were responsible for the fever, it 
would have to be transported tc the brain 
and thus its absence from the peripheral 
blood would be surprising. King and Wood?" 
later employed the same preparation; by 
transferring larger amounts of blood, they 
were able to demonstrate the presence of 
circulating endogenous pyrogen in_ these 
animals. Atkins and Huang?* have found 
endogenous pyrogen in the blood of rabbits 
that developed fever after the injection of 
viruses, 
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Convincing evidence has been provided to 
show that endogenous pyrogen, obtained 
either from leukocyte extracts or from the 
peripheral blood of animals infected with 
pneumococci or streptococci, acts directly 
upon the brain, while bacterial pyrogens do 
not.*® Each preparation was injected into 
the ear vein and into the carotid arteries of 
rabbits; when bacterial pyrogens were in- 
jected, the site of injection did not affect 
the magnitude of the resulting fever, or the 
the rapidity of its onset. On the other hand, 
endogenous pyrogen was more effective, and 
exerted its effect more rapidly when injected 
into the carotid arteries than when injected 
into an ear vein. It is reasonable to assume 
that any diffusible material will attain a 
higher concentration in brain after injec- 
tion into the carotid artery than after in- 
jection into the venous system. This evidence 
indicates that the fever response is related 
to the concentration of endogenous pyrogen 
in brain, but not to the concentration of 
bacterial pyrogen. 

All this evidence strongly suggests that 
endogenous pyrogen may be formed, possibly 
but not certainly from granulocytes, during 
infection with gram-positive organisms or 
viruses, and that this material then affects 
the temperature-regulating center. There is 
also evidence that white cells may be con- 
cerned in the fever associated with immune 
hemolysis in man.*° It is uncertain whether 
preformed endogenous pyrogen is merely 
liberated from leukocytes during injection 
or whether the cells produce more of this 
material under the stimulus of infection 
than they contain under normal cireum- 
stances; this question is susceptible of ex- 
perimental investigation. It will be much 
more difficult to define the mode of action 
of the endogenous pyrogen upon the tem- 
perature-regulating mechanism, to decide 
whether it is used up during its effect or 
whether it acts as an enzyme; it is clearly 
destroyed or inactivated during defervescence, 
but the site of its destruction is unknown. 
The observation that patients with cirrhosis 
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are usually sensitive to typhoid vaccine*! 
may be suggestive in this respect. 

Although there is a large body of evidence 
to suggest that bacterial pyrogens also cause 
fever by liberating endogenous pyrogen from 
leukocytes, there are some observations that 
do not entirely agree with this hypothesis. 
If dogs are rendered agranulocytie by treat- 
ment with nitrogen mustard, and then in- 
jected with bacterial pyrogens, they show 
the same temperature rise as normal dogs, 
although their blood contains much less endog- 
enous pyrogen.** It is of course possible 
that there are sufficient adftilt or immature 
leukocytes in the bone marrow of such dogs 
to elaborate endogenous pyrogen; it is also 
true that the measurement of pyrogen con- 
tent of blood, dependent upon rather arbi- 
trary biological assay, is by no means ac- 
curate. Even so, it is difficult to account for 
the very small quantity of endogenous pyro- 
gen found in the blood of agranulocytic dogs. 

Very little is known about the chemical 
nature of endogenous pyrogen; its purifica- 
tion is rendered very difficult because of the 
dangers of contamination with bacterial 
pyrogens. So far as is known, endogenous 
pyrogen obtained from rabbit leukocytes 
contains or is associated with protein and 
carbohydrate moieties; it does not pass a 
dialysis membrane, and its effect is not modi- 
fied by trypsin, chymotrypsin, or ribonu- 
clease.** Human endogenous pyrogen also 
does not dialyze, and it probably contains 
protein as it is precipitable by ammonium 
sulfate.** Even though a great deal can still 
be found out by purely biological methods, 
it is obviously important to establish the 
nature of endogenous pyrogen as far as pos- 
sible. 

One other series of experiments may prove 
of considerable value in providing a tool for 
the investigation of other phenomena associ- 
ated with fever. In 1957, Bennett, Petersdorf, 
and Keene** showed that bacterial pyrogen 
was many times more pyrogenic when in- 
jected intrathecally than when given intra- 
venously. At the height of such a fever, 
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there was no pyrogenic material in the pe- 
ripheral blood, and tolerance did not develop 
after repeated intrathecal injections. It is 
not altogether clear whether endogenous py- 
rogen is involved in this reaction. It appears 
likely that much of the enhanced activity of 
endotoxin in this situation may be due to 
its relatively small volume of distribution in 
cerebrospinal fluid and possibly brain. The 
failure to develop tolerance may indicate that 
the mechanism for clearing endotoxin from 
the cerebrospinal fluid system differs from 
that responsible for its clearance from blood. 
But it is of considerable interest to find that 
this is a situation in which a high fever 
develops in the absence of any circulating 
pyrogenic material; such a system might well 
be used to differentiate between direct ef- 
fects due to a circulating pyrogen of any 
type and those due to other indirect causes. 


Circulatory Changes 


Pyrogen-induced fever is associated with 


extensive and quite characteristic changes in 
the circulation; almost without exception, 
these changes have been investigated during 
the fever following injection of bacterial 
pyrogens, and little information is available 
concerning the changes during fever caused 
by infection or by the injection of endogenous 
pyrogen. The lethal dose of bacterial pyro- 
gens is generally several thousand times 
greater than the dose required to cause fever, 
and the circulatory effects of lethal doses 
are qualitatively very different from those 
of pyrogenic doses. There is as yet no evidence 
to show whether or not this indicates an en- 
tirely different mode of action, or merely a 
dosage effect, but in this discussion the 2 
situations will be considered separately. 
When a pyrogenic dose of endotoxin is 
injected intravenously into a previously un- 
exposed animal, a period of 10 to 90 minutes 
elapses before any changes are detectable; 
the length of this delay period depends upon 
the type of preparation, the dose, and the 
species of the recipient, as previously de- 
scribed. The first change appears in the skin 
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circulation. There is very marked cutaneous 
vasoconstriction, which, in man, precedes the 
elevation of central temperature by a few 
minutes.’ The skin becomes pale and cold, 
and heat loss to the environment is greatly 
reduced. The same changes are apparent after 
the injection of endogenous pyrogen. In 
the rabbit, vasoconstriction is apparent in the 
ear. The reduction of heat loss from the skin 
is an important factor in the elevation of 
body temperature, particularly in animals; 
in dogs, the febrile response to the injection 
of bacterial pyrogens is considerably re- 
duced by sympathectomy* or by adrenolytic 
agents,?® but not by paralyzing doses of 
curare.** Initial experiments suggested that, 
in the rabbit, cutaneous vasoconstriction was 
unaffected or even enhanced, by sympathec- 
tomy,** but it was later shown clearly that 
these experiments had been perfo med on rab- 
bits that were not completely sympathecto- 
mized ;*° when an adequate sympathectomy has 
been performed, the vasoconstriction is abol- 
ished. Ganglionic blockade with hexamethoni- 
um also prevents this vasoconstriction. In man, 
the cutaneous vasoconstriction is similarly 
abolished by sympathectomy’? or by periph- 
eral regional nerve block.*t! There is evidence 
to suggest that the increased sympathetic 
tone is central rather than reflex in origin.*! 
When the response of the temperature-regu- 
lating mechanism is prevented by the previous 
administration of amidopyrine, cutaneous 
vasoconstriction does not oceur.*” 

In man, shive'ing usually begins within a 
period of 10 to 30 minutes after the onset of 
cutaneous vasoconstriction. At about this 
time, the cardiac output increases,‘ ** though 
this increase may be preceded by a period 
of decreased cardiac output;** the heart 
rate accelerates; and while shivering con- 
tinues, the arterial blood pressure is often 
slightly elevated. Thereafter, the blood pres- 
sure falls below control levels; in general, 
the fall of blood pressure is great, the higher 
the initial blood pressure level. This blood 
pressure fall is a manifestation of reduced 
peripheral resistance, as it takes place while 
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the cardiac output is elevated. The total pe- 
ripheral resistance falls because of marked 
vasodilatation in the renal and splanchnic 
vascular beds.** These interesting circulatory 
adjustments are almost unique; the only 


other agent known to cause similar changes 


is l-hydrazinophthalazine.** 46 

The renal vasodilatation was accidentally 
discovered by Homer Smith and his col- 
leagues, when contaminated inulin was used 
in studies of renal function.‘* During the 
early shivering phase, there is often a short 
period of renal vasoconstriction, but this is 
rapidly followed by a marked increase in renal 
blood flow, which more or less runs parallel 
with the temperature curve, though it may 
persist for some time after defervescence. 
Renal vascular resistance may fall to less 
than half its control value, and there is an 
increase in the fraction of the cardiae output 
which perfuses the kidneys. A similar in- 
crease in hepatic blood flow takes place con- 
currently,** despite the fact that the fune- 
tion of the liver may become slightly im- 
paired, as .indicated by a decrease in the 
rate of clearance of injected bromsulphtha- 
lein from the blood. 

The mechanism and function of these 
profound circulatory readjustments are 
poorly understood, and they require further 
investigation. It is apparent that the rise of 
body temperature is not an important factor 
in their inception, because they are unaffected 
if the rise of temperature is prevented by 
the previous administration of amidopyrine. 
Indeed, the scanty eyidence available sug- 
gests that environmental heating causes a de- 
crease in renal blood fiew.*® °° It is known 
that the renal hyperemia is unaffected by 
sympathectomy in man*! and in dogs;*” so it 
has been suggested that a humoral mecha- 
nism is responsible. It.is, of course, always 
difficult to assess the completeness of a sur- 
gical sympathectomy, and in this connection 
it would be of considerable interest to know 
what happens to the blood flow through a 
transplanted kidney during the febrile re- 
sponse. It has been reported that dihydro- 
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ergocornine is partially effective in preventing 
the renal vasodilatation.* This finding is 
difficult to interpret; it is unlikely that the 
dihydroergocornine acts by reversing the ef- 
fects of epinephrine because epinephrine 
alone causes renal vasoconstriction, and it is 
unlikely, though unproved, that its effect on 
the kidney is altered during the febrile re- 
action. The work of Thomas and his col- 
leagues suggests that the epinephrine sensi- 
tivity of small blood vessels should be in- 
creased after the administration of pyrogenic 
doses of endotoxin,®4 though he has not 
studied these responses in jenal blood ves- 
sels. If the antipyretic effect of adrenolytic 
agents, as previously mentioned, is merely 
due to a peripheral sympatholytie action, 
there is no obvious reason why this should 
affect the renal vasodilatation, which is un- 
affected by sympathectomy. It was suggested 
that dihydroergocornine might act central- 
ly ;* if so, its site of action is different from 
that of amidopyrine. 

The nature of the hypothetical renal vaso- 
dilator substance is speculative; there is evi- 
dence that endotoxin may liberate serotonin,** 
and it is known that serotonin can cause 
some renal vasodilatation,®® though its ef- 
fect is rather variable and inconstant.*® Its 
action on hepatic blood flow is unknown, but 
it is conceivable that it could play a part in 
the visceral circulatory changes associated 
with fever. 

No information is available that throws 
any light upon the mechanism of the increase 
in hepatic blood flow, although it is known 
that it can be produced by very small, and 
almost nonpyrogenic, doses of endotoxin ;** 
it is also unaffected by the administration of 
amidopyrine. It is unknown whether these 
visceral circulatory changes are dependent 
upon the bacterial pyrogen itself, or whether 
they can also be produced by the injection 
of endogenous pyrogen. 

Cerebral blood flow is unchanged in the 
normal individual during pyrogen-induced 
fever ;°5 it is maintained in the face of a 
fall of arterial blood pressure by a slight 
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decrease in cerebral vascular resistance. 

It is clear that fever, even if relatively 
mild, may easily embarrass a circulation that 
is precariously balanced on the edge of car- 
diac failure. It would appear unlikely that 
treatment with antipyretics should have 
much effect upon cardiac failure induced in 
this way. There is some evidence to suggest 
that a persistent increase in heart size may 
be induced by repeated intravenous injections 
of bacterial pyrogens.®*® This evidence was ob- 
tained by radiologic examination of patients 
with neurosyphilis, who did not show any 
evidence of cardiovascular involvement. Elec- 
trocardiographic changes do appear during 
pyrogen-induced fever, but these changes are 
nonspecific, and probably largely due_ to 
changes in heart rate and position.® 

Overwhelming infection and _ bacteremia 
is commonly associated with circulatory col- 
lapse, and is frequently fatal. Many at- 
tempts have been made to mimic this situa- 
tion by the injection of large amounts of 
endotoxin, and the effects on the circulation 
of intravenous injection of lethal amounts 
of bacterial products are fairly well estab- 
lished. These effects are not necessarily re- 
lated to the pyrogenic properties of bacterial 
endotoxins, because very similar circulatory 
changes have been observed after the injec- 
tion of lethal doses of nonpyrogeniec toxins 
or organisms.*! 

The intravenous injection of lethal amounts 
of a_ bacterial pyrogen frequently causes 
death without elevation of body temperature : 
sometimes the temperature falls before death. 
After such an injection, in the dog, there is 
an immediate precipitous fall of arterial 
blood pressure, to very low levels.®* Cardiac 
output falls correspondingly, and there is 
little change in the total. peripheral resist- 
ance. Salivation and diarrhea may be marked, 
and the animal dies with circulatory failure 
between 2 and 24 hours after the injection. 
At autopsy, scattered areas of hemorrhage 
may be found in the skin or in any of the vis- 
cera, but the most striking changes are found 
in the intestine and the liver, which are 
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deeply congested and edematous and show 
extensive areas of hemorrhage and necrosis. 
The probable significance of these patho- 
logic changes has been shown by Weil et 
al.;> these authors found that the portal 
venous pressure rose very rapidly, immedi- 
ately after the intravenous injection of a 
lethal dose of bacterial pyrogen. There was 
no change, or a fall, in the hepatic vein pres- 
sure. The fall of cardiac output and systemic 
arterial pressure was less pronounced if the 
animals had previously been eviscerated, or 
if the liver had been excluded from the eir- 
culation. These changes were unaffected by 
decapitation or by transection of the spinal 
cord and vagi. Isolated intestinal segments, 
whose blood supply was intact, showed an in- 
crease in weight,** and it appears probable 
that under these circumstances a large vol- 
ume of blood is trapped in the splanchnic 
venous bed, probably by constriction of the 
small intrahepatic veins and venules. There 
is also some evidence that blood is trapped 
in the lungs to a lesser extent by venocon- 
striction ;* in the cat it appears that rela- 
tively less blood is sequestered in the splanch- 
nic venous bed, and relatively more in the 
lungs. It has been shown that there is an 
increase in the vascular resistance of the iso- 
lated perfused lung when bacterial pyrogen 
is added to the perfusing fluid; it may be 
very significant that this effect can only be 
demonstrated when the perfusing fluid con- 
tains blood. Although these circulatory 
changes show many similarities to those ob- 
served in anaphylactic shock, it is doubtful 
whether the two processes are identical; 
some histamine seems to be released into he- 
patie venous blood after the injection of pyro- 
gen, but the amount is comparatively small.* 
Thomas and his associates** have shown 
that bacterial endotoxins, injected intra- 
dermally or intravenously, modify the local 
action of epinephrine upon small blood ves- 
sels. Small doses of endotoxin cause increased 
sensitivity to epinephrine, but when larger 
doses are employed, the direct application of 
epinephrine to blood vessels causes vascular 
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dilatation and stasis, which are often fol- 


lowed by bleeding into the 


surrounding 
tissues. In tolerant animals, endotoxin does 
not alter the response to epinephrine. 

The role of endotoxin is obscure ; it appears 
to prepare or sensitize the vessels to the 
effects of epinephrine, although this effect 
differs in many respects from the Schwartz- 
man phenomenon. Clearly this kind of ef- 
fect upon the microcirculation. may produce 
profound changes in the general circulation, 
but at present it is difficult to account en- 
tirely for the general circulatory changes on 
this basis alone. 

Given a stimulus from the cerebral tem- 
perature-regulating center, possibly due to 
the influence of endogenous pyrogen, the pe- 
ripheral circulatory changes during fever are 
reasonably explicable. But it is as difficult 
to advance any convincing reason for the 
visceral circulatory changes as it is to ac- 
count for the elevation of body temperature 
itself. The general economy of biological 
processes might suggest that these changes 
are not merely useless by-products of the 
febrile response. It remains to be seen whether 
they fulfill some protective or metabolic role. 
But the same type of argument may be ap- 
plied to fever itself; the persistence through- 
out homoiothermie species of a febrile re- 
sponse to noxious stimuli suggests that this 
response also is not entirely valueless. Many 
questions remain to be answered in this field, 
and many others have not yet reached the 
stage of formulation. 
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ATHEROSCLEROSIS 


Thompson, J. S., Abraham, A., Elias, A. W., 
and Scott, C. C.: Observations on the Varia- 
tion of Total Serum Cholesterol Levels in 
Normal Individuals and in Patients with Coro- 
nary Heart Disease. Am. J. M. Se. 237: 319 
(Mar.), 1959. 

Repeated total serum cholesterol measurements 
were made in a group of 14 patients with recent 
acute myocardial infarction and Dicumarol 
therapy and compared with the control group 
composed of 10 normal men. The hospital group 
had an average of 10 determinations made on 
each individual and in the control group an 
average of 4 determinations were made. The 
total serum cholesterol in the control group was 
226 mg./100 ml. with a standard deviation of 
29.2. In the hospital group the total serum cho- 
lesterol averaged 266 mg./100 ml. with a stand- 
ard deviation of 44.6. The dict of the control 
group was unrestricted while the hospital group 
received a regular hospital diet. In both groups 
the determinations fell within 40 mg./100 ml. 
of the mean approximately 90 per cent of the 
time. The remaining 10 per cent of the determina- 
tions that fell outside the 40 mg./100 ml. decile 
may not be disregarded since 30 per cent of 
the control patients and 44 per cent of the hos- 
pital patients exhibited variations of this magni- 
tude at one time or another. The per cent varia- 
tion of the most deviant determination against 
the mean was equally variable. Individuals in 
the control group exhibited variations from 6- 
27 per cent and in the hospital group, from 
3-29 per cent. Employing a ¢ test the total 
serum cholesterol levels of the control group 
differed significantly from those of the hospital 
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group with p equalling 0.05. On the basis of 
these observations the authors suggest that a mini- 
mum of 4 or 5 determinations performed on the 
same day should be sufficient to indicate the pa- 
tient’s range of variability. Once this has been es- 
tablished, more accurate judgment as to the efficacy 
of treatment may be made. Depressions of more 
than 20 per cent of the mean pre-treatment 
values (up to 400 mg./100 ml.) or of more 
than 50 mg./100 ml. total serum cholesterol may 
be taken to indicate successful depression of 
the serum cholesterol if the depressed levels 
persist. 
SHEPS 


Robertson, W. B.: Atherosclerosis and Ischaemic 
Heart-Disease. Lancet 1: 444 (Feb. 28), 1959. 
The incidence of atherosclerosis of the aorta 

at 500 autopsies in Jamaica was studied by a 

technie which allowed valid comparison with 

data from New Orleans and Guatemala. There 

was no appreciable difference between the 3 

groups until after the third decade when the 

Jamaican and New Orleans group showed an 

identical upward trend not seen in the Guate- 

malan group until the sixth decade. In contrast to 
other studies, the incidence of atherosclerosis 
was high in Jamaica, but the incidence of 
ischemic heart-disease was relatively low. The 
Jamaican Negroes, while developing a degree 
of aortic atherosclerosis comparable to those in 
the United States only occasionally succumbed 
to ischemic heart-disease. Although aortie athero- 
sclerosis was seen in its severest forms and 
atheroma were common in the coronaries, steno- 
sing lesions and occlusions were uncommon. 
Other thrombotic diseases were similarly uncom- 
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mon. It is suggested that the absence of a con- 
stant relation between the incidence of athero- 
sclerosis and the incidence of coronary throm- 
bosis is evidence that they do not have the 
same cause. 

KURLAND 


Mitchell, J. R. A., Bronte-Stewart, B: Alimen- 
tary Lipaemia and Heparin Clearing in Ischae- 
mic Heart-Disease. Lancet 1: 167 (Jan. 24), 
1950. 

The heparin activated lip mia clearing system 
was studied in a manner so that substrate and 
enzyme were kept apart until clearing could be 
carried out in vitro. Plasma was obtained from 
12 age-matched pairs of male patients with and 
without ischemic heart disease at intervals after 
a standard fat meal. Plasma was also obtained 2 
days later, after a nonfatty meal, when the 
clearing mechanism was activated with heparin. 
The plasma of patients with ischemic heart dis- 
ease had higher optical densities even in 
fasting specimens but the difference from the 
normal specimens became very large at 4, 6, and 
8 hours. Heparin clearing factor prepared from 
the ischemic heart disease patients was as 
active as that from the control group. There 
was a striking difference between the clearing of 
plasma lipids 2 hours and 6 hours after a fatty 
meal, although the initial optical densities were 
the same. The results suggest that the unusually 
intense lipemia in patients with ischemic heart 
disease is due to a difference in its absorption 
rather than to its removal. 

KURLAND 


Ahrens, E. G., Jr., Insull, W., Jr., Hirsch, J., 
Stoffel, W., Peterson, M. L., Farquhar, J. W., 
Miller, T., and Thomasson, H. J.: The Effect on 
Human Serum-Lipids of a Dietary Fat, Highly 
Unsaturated, but Poor in Essential Fatty Acids. 
Laneet 1: 115 (Jan. 17), 1959. 

Although oral unsaturated fats have been 
repeatedly shown to reduce serum cholesterol, 
it has not been established whether the effects 
observed are related to the net unsaturation of 
dietary fat or to content of essential fatty acids 
(E.F.A.). The problem was approached by feed- 
ing a highly unsaturated marine oil (menhaden) 
with a low content of essential fatty acid. Two 
patients were studied on a metabolic ward for 
21 and 22 weeks. A liquid diet was used in which 
the protein, fat, carbohydrate composition was 
15, 40 and 45 per cent respectively of the total 
ealories. The sole dietary fats were corn oil or 
menhaden oil. In both studies, serum cholesterol, 
phospholipids and triglycerides were reduced 
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when corn oil was substituted for ad libitum 
diet. In one subject, substitution of menhaden oil 
for corn oil produced further reduction of serum 
lipids. Moreover, in both patients, the saturated 
acids and C19-20 polyenes which were charac- 
teristic of menhaden oil were higher in an all 
lipid groups during the menhaden oil diet. Since 
the isoealorie substitution of E.F.A.-poor men- 
haden oil for E.F.A.-rich corn oil produced as 
low or lower levels of serum-lipids, it was con- 
cluded that the presence of E.F.A. was not re- 
quired to produce these serum lipid changes. 


KURLAND 


Kayahan, 8.: Cholesterol-binding Capacity of 
Normal and Atherosclerotic Intimas. Lancet 1: 
223 (Jan. 31), 1959. 

Atherosclerotic vessels contain more than the 
normal quantity of lipid. This investigation was 
designed to determine whether this increased 
lipid content was due to a change in the globu- 
lins of the atherosclerotic ground-substanee or 
to an increased entry of lipids from the blood. 
The intima of aorta was obtained postmortem. 
A saline extract was prepared for electrophoresis 
and chemical study. An ether extract of the 
intimal extract removed the lipids which could 
subsequently be recombined with the aqueous 
phase containing intimal proteins. On electro- 
phoresis, the proteins from normal intimas sepa- 
rated into 3 lipid containing fractions. The 
atherosclerotic extracts showed only 1 fraction 
without electrophoretic mobility at pH 8.6. The 
mean cholesterol total-lipid and globulin con- 
tent of atherosclerotic intima was much greater 
than that from normal intima. The 44 mg. cho- 
lesterol and 109 mg. total lipid combined with 1 
Gm. globulin from normal intimas in contrast 
to 365 mg. and 1,147 mg. for globulins from 
atherosclerotic intimas. Thus, atherosclerotic 
intimas contained more lipids than normal ones. 
These lipids were bound to globulins which could 
bind more lipids than normal ones. The findings 
support the view that changes in the globulin of 
atherosclerotic intimas may account for lipid 
deposition in atherosclerosis. 


KURLAND 


Galbraith, P. A., Perry, W. F., and Beamish, 
R. E.: Effect of Nicotinic Acid on Serum-lipids 
in Normal and Atherosclerotic Subjects. Lancet 
1: 222 (Jan. 31), 1959. 

Large doses of nicotinic acid, 1 Gm., 3 times 
daily, were administered to 8 male medical stu- 
dents and 14 hyperchol:sterolemie atherosclero- 
tie subjects. In both groups there was a signifi- 
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cant fall in the serum cholesterol following in- 
itiation of nicotinic acid therapy. Discontinuance 
was followed by a return to pretreatment values. 
In the 8 normal subjects §-lipoprotein lipid 
decreased on therapy from 73 per cent to 65 
per cent of total lipoprotein lipid and in the 
atherosclerotic subjects from 80 per cent to 72 
per cent. These changes also reverted when 
therapy was discontinued. 
KURLAND 


Mitchell, J. R. A.: Inhibition of Heparin Clear- 
ing by Patients. Lancet 1: 169 (Jan. 24), 1959. 
Plasma was obtained after a fatty meal and 

the rate of clearing was studied after adding 

post-heparin plasma. Plasma obtained by fast 
spinning cleared more rapidly and completely 
than lipemic plasma produced by slow spinning. 

Further, by adding back the material precipitated 

down by fast spinning, clearing could be in- 

hibited. A cell-free extract of platelets inhibited 
heparin clearing but platelet debris was mini- 
mally active. Heating and dialysis did not abolish 
the inhibitory properties of the extract which 
was also effective on the clearing of a fat 
emulsion. 

KuRLAND 


Herbert, F. A., Beamish, R. E., and Perry, W. F.: 
Serum Cholesterol Levels in Atherosclerotic 
Patients Treated with Oral Anticoagulants. 
J. Lab. & Clin. Med. 53: 442 (Mar.), 1959. 
Total serum cholesterol, total serum lipids, 

and beta lipoprotein were determined before 

and during a course of administration of the fol- 
lowing agents to atherosclerotic patients: Group 

1 consisted of 8 individuals treated with Phen- 

vlindanedione; the second group consisted of 10 

patients who received Acenocoumarin; the third 

group consisted of 6 subjects given ethyl bis- 
coumacetate; a fourth group consisted of 7 pa- 

tients receiving no anticoagulant therapy; and a 

fifth group of 5 patients was treated with 

Heparin, 200 mg. every 48 hours subcutaneously. 

Determinations were done at intervals over the 

first 10 weeks of therapy and again over a period 

between 24 and 32 weeks after starting therapy. 

Serum cholesterol remained unchanged in the 

control, heparin-treated, and phenylindanedione- 

treated groups; while there was an: initial rise 
in this substance followed by a return to normal 
in the groups treated with Acenocoumarin and 
ethyl biscoumacetate. The total serum lipids 
tended to parallel the serum cholesterol levels, 
although in the heparin-treated group, total 
serum ‘lipids fell significantly from the pre- 
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treatment. levels but eventually returned to 
initial values. No significant changes were ob- 
served in the f-lipoprotein measured as a 
per cent of the total lipoprotein except in the 
subjects treated with heparin where again there 
was an early fall with a subsequent return to 
pre-treatment values. 
MaAxwELL 


Heptinstall, R. H.: Experimental Pulmonary 
Atheroma. J. Path. & Bact. 77: 535 (Apr.), 1959. 
Fibrin emboli were injected into rabbits after 

they had received a large intravenous injection 

of hyperlipemiec serum or had been fed cholesterol 
for 6 days previously. It was determined that 
neither the 6 days of cholesterol feeding nor the 
emboli alone were responsible for the formation 
of atheroma in the pulmonary arteries. Lipid 
deposition occurred as a result of the acute 
arteritis and was found to be present as early 
as 24 hours after the emboli were injected. The 
author concluded that these experiments definitely 
demonstrated the importance of local vascular 
factors in the production of the atheromatous 
lesions. 

KARPMAN 


BLOOD COAGULATION AND 
THROMBOEMBOLISM 


Goldowsky, S. J., and Carney, W. I.: Fatal 
Pulmonary Embolism. A Ten-Year Study. Am. 
J. Surg. 97: 274 (Mar.), 1959. 

Fatal or non-fatal pulmonary embolism verified 
at postmortem from 1947 to 1956 were reviewed. 
There were 58 fatal pulmonary emboli making 
an ineidence of 1.6 per cent of autopsies. In 
addition there were 206 patients with non-fatal 
pulmonary emboli at postmortem. The overall 
autopsy rate was 42.3 per cent. Among the pa- 
tients with fatal embolism there were 32 women. 
The average age was 67.8 years (34-92), with 
the largest number in the 70-79 age group. There 
were 40 medical cases and 18 surgical eases. 
Nineteen of the medical patients had some form 
of active heart disease (e.g., failure, infarction 
or rheumatic disease with fibrillation) and 10 
suffered from a malignant neoplasm. There were 
5 eases of spontaneous primary fatal pulmonary 
embolism in the medical group. In the surgical 
group there was a relatively high incidence fol- 
lowing hip nailing. There were 2 operations for 
cancer in this group. The time interval between 
surgery and death from embolism in the 18 
surgical cases averaged 12.4 days (2-38). Two 
patients in the fatal group had had prophylactic 
vein ligations. One was a bilateral superficial 
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femoral vein ligation in continuity and the 
other had homolateral vein ligation in continuity 
following thigh amputation. Four patients died 
despite adequate anticoagulant therapy. One pa- 
tient had prophyaltic bandaging of the legs. In 
only 1 of these latter cases was the source of the 
embolus verified and that was from the vena 
sava and left iliac vein. Among the 206 patients 
in whom embolism was not the prime cause of 
death, there were 2 patients with unilateral and 
1 with bilateral superficial femoral vein ligation, 
all in continuity. There were 10 additional pa- 
tients receiving adequate anticoagulant therapy. 
The souree of embolism in both groups were from 
the heart, periprostatic veins, femoral and iliac 
veins, vena cava and uterine veins. In the fatal 
group there were only 3 patients in whom a 
clinical diagnosis of peripheral thrombophlebitis 
had been made. In addition, in only 17 cases was 
the diagnosis of pulmonary embolism suspected. 
In view of these observations, the authors sug- 
gest that onee an embolus had occurred, both 
vein interruption and anticoagulants if feasible 
should be used. When phlebitis occurs in situa- 
tions in which anticoagulants are unsafe or are 
contraindicated, exploration and interruption of 
the femoral vein should be carried out rather 
than ligation in continuity. In their experience 
it was not possible to determine whether a throm- 
bus was present in an unopened vein by inspeec- 
tion and palpation alone. On several occasions, 
opening of the vein had revealed an unsuspected 
thrombus in a vein of normal appearance. 

SHEPS 


Sherry, S., Fletcher, A. P., and Alkjaersig, N.: 
Developments in Fibrinolytic Therapy for 
Thrombo-Embolic Disease. Ann. Int. Med. 50: 
560 (Mar.), 1959. 

The components of the human fibrinolytic 
enzyme system are reviewed. The naturally oc- 
curring precursor of the fibrinolytic enzyme of 
the serum is called plasminogen. In the pres- 
ence of an activator, this normal serum globulin 
is converted to plasmin. This is a proteolytic 
enzyme which digests fibrin into soluble polypep- 
tides and will also digest fibrinogen, accelerator 
globulin and serum complement. Antiplasmins 
of serum and platelet inhibit the action of free 
plasmin in blood. The authors believe that clot 
lysis results from diffusion of activator into the 
thrombus with activation of intrinsic plasmino- 
gen. It, therefore, becomes apparent that the 
level of activator in the circulation, rather than 
the level of circulating plasmin, becomes the 
critical factor in controlling the rate of lysis of 
a thrombus. Purified streptokinase was used as 
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the activator preparation and the level of cir- 
culating activator was controlled by an initial 
priming dose and a sustaining infusion. More 
than 50 patients with thrombo-embolic disease 
have been treated and evidence is available to 
indicate that intravascular fibrinolysis did oe- 
eur in a number of instances. Emphasis is placed 
upon studying this form of fibrinolytie therapy 
in acute coronary thrombosis. 
KAYDEN 


Sharnoff, J. G.: Increased Pulmonary Megakaryo- 
cytes—Probable Role in Postoperative Throm- 
boembolism. J.A.M.A. 169: 688 (Feb. 14), 1959. 
Autopsy records of 196 postoperative deaths 

revealed that the 60 cases ascribed to thrombo- 
embolism had significantly more megakaryocytes 
per unit area of lung than the 136 cases dying 
from other causes. It has been shown that in- 
jections of epinephrine and corticosteroids in 
rabbits are followed by the disappearance of 
megakaryocytes from the lungs. Immediately 
thereafter a sudden increase in _ cireulating 
platelets with transient hypercoagulability of 
the blood is observed. Thrombocytosis may be a 
reflection of a stress effect in the presence of 
increased pulmonary megakaryocytes. It may 
indicate a recently existent transient blood hy- 
pereoagulability as an underlying cause of throm- 
boembolism. This report would indicate a need 
for further study towards a more rational pro- 
gram of prevention of this frequently fatal 
complication. 

KITCHELL 


Quenneville, G., Barton, B., McDevitt, E., and 
Wright, I. 8.: The Use of Anticoagulants for 
Thrombophlebitis during Pregnancy. Am. J. 
Obst. & Gynee. 77: 1135 (May), 1959. 

The use of anticoagulants for thrombophlebitis 
in 57 patients during pregnancy and in the 
post-partum period was reviewed. There was a 
high incidence of thrombo-embolic complications 
under conservative therapy and before effective 
prothrombin levels were attained. The incidence 
of pulmonary embolism per episode of thrombo- 
phlebitis was 6.3 per cent. Because of this, 
and also because extension of the local disease 
will produce more valvular defects in the veins 
and chronic venous insufficiency, prompt effective 
treatment of thrombophlebitis is advisable. 
Quick-acting anticoagulants should be used in- 
itially. Only 1 serious hemorrhagic complication 
occurred in a mother during anticoagulant ther- 
apy—a post-partum hemorrhage which may have 
been due to retained secundines. Excessive de- 
pression of coagulation in 2 instances was asso- 
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ciated with intrauterine death. Provided that a 
prothrombin concentration of 15 per cent (35 
seconds in the author’s laboratory) is not ex- 
ceeded, coumarin derivatives can be used with 
relative safety. This can be achieved through 
the use of frequent prothrombin determina- 
tions and vitamin K, in small amounts by mouth 
whenever excessive anticoagulant effect occurs. 
After an episode of phlebitis, a treatment period 
of 6 weeks with a gradual reduction on dosage 
before cessation of therapy is the program of 
choice. Long-term anticoagulant therapy was 
carried out with hesitation in patients with re- 
peated episodes of thrombophlebitis. When 
delivery under treatment is considered, the au- 
thors suggest that the patients be kept at a sub- 
optimal therapeutic level of prothrombin ae- 
tivity near term (20-25 seconds) and_ their 
vitamin K, be administered at the onset of 
labor. In this situation vitamin K, should also 
be given to the newborn in small amounts (1-2 
mg. intramuscularly per baby). In view of the 
high ineidence of thromboembolic recurrences 
during the post-partum period, prophylaxis with 
anticoagulants seems indicated in patients who 
have suffered an episode of phlebitis antepartum. 
_ SHEPS 


Brafeld, A. J.: Nicoumalone: A New Anticoagu- 
lant. Brit. M. J. 1: 1211 (May 9), 1959. 
Nicoumalone (Sinthrome) was used as an 

anticoagulant on 269 patients in this series. 

There were 155 eases of coronary thrombosis, 

107 cases of venous thrombosis, and 7 cases of 

arterial occlusion. For comparison, a study was 

made of the records of 259 patients who received 
phenindione. In this series the results with nicou- 
malone were considered superior to those ob- 
tained with phenindione. This conclusion was 
based on the fact that this drug seemed to pro- 
duce a higher degree of stability of the pro- 
thrombin level rather than an appraisal of the 
clinical results. It is suggested that this stability 
reduces the incidence of progressive thrombosis 
and spontaneous hemorrhage. The latter com- 
plication occurred in 2 patients of the series. 

KRAUSE 


Engler, H. §S., Christopher, P. E., Williams, 
H. G., Spears, R. S., Moretz, W. H.: Preven- 
tion of Thrombus Formation is Small Artery 
Anastomoses. Arch. Surg. 78: 766 (May), 1959. 
In a group of dogs in which the external 

diameter of the femoral arteries were 4 mm. 

or less, the following technics were utilized in 

an attempt to prevent post-operative thrombus 
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formation: a negative electrostatic field about 
the anastomosis; a technice similar to that de- 
scribed by Linton to enlarge the area of the 
anastomosis; an arteriovenous fistula distal to 
the anastomosis is made to increase the rate of 
blood flow through the anastomosis; intravenous 
fibrinolysin, and heparinization. No benefit was 
demonstrated by any of these measures except 
heparinization. Large doses of heparin were uni- 
formly effective in preventing thrombosis in 10 
instances. Further study was planned to deter- 
mine the optimum dosage and schedule to pre- 
vent thrombosis but which will not cause trouble- 
some hemorrhage in the wound. 
SHEPS 


CONGENITAL ANOMALIES 


Grob, M., and Kolb, E.: Congenital Aneurysm 
of the Coronary Artery. Arch. Dis. Child. 34: 
8 (Feb.), 1959. 

Case reports of 2 children with congenital 
aneurysms of coronary arteries are presented. 
The literature was extensively reviewed and a 
total of 36 cases were collected and summarized. 
The authors emphasize that the main clinical 
finding consists of a continuous cardiac murmur 
and that the pre-operative diagnosis may be 
made with the aid of a carefully performed 
angiocardiogram. 

KARPMAN 


CONGESTIVE HEART FAILURE 


Flear, C. T. G., Hughes, P., and Quinton, A.: 
Red Blood Cell Electrolytes in Congestive 
Cardiac Failure. Acta med. scandinav. 162: 
305, 1958. 

The authors have determined the levels of 
red blood cell sodium, potassium and chloride 
in 33 healthy control subjects and in 69 patients 
with various degrees of congestive failure. The 
patients were on therapeutic programs which 
ineluded digitalis and mercurial diuretics. Etio- 
logie factors in the group included cor pulmo- 
nale, hypertensive, ischemic, anemic, thyrotoxic 
and rheumatic heart disease. A wide variation 
was found in the daily levels of red cell electro- 
lytes and no significant differences were noted 
between the mean values for the normal subjects 
and for the patients in congestive failure. It 
was found however that a wider scatter about the 
mean levels existed in the patient group than in 
the control group although the significance of this 
finding was not apparent. No relationship was 
found between the red-cell and serum electrolyte 
values. No correlation existed between the red 
cell potassium and the total exchangeable body 
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potassium as determined by isotope dilution tech- 
nies. The authors conclude that the values for 
red blood cell electrolytes may not be used as 
an index of the composition of other body 
tissues. 


F'REEDBERG 


Dickson, J. F., III, Hamer, N. A. J., and Dow, 
J. W.: Venoarterial Pumping for Relief of 
Intractable Cardiac Failure in Man. Arch. 
Surg. 87: 418 (Mar.), 1959. 

It has previously been demonstrated in animals 
that acute heart failure may be relieved by veno- 
arterial pumping without an oxygenator. A ease 
is reported in which this procedure was carried 
out for 26 hours in man. The patient had 
hemochromatosis with congestive heart failure 
resistant to treatment. The procedure was un- 
successful in that a diuresis was not produced. 
It is of interest that the apparatus was used 
for 26 hours with no apparent harmful effect. 
Except for platelet depression, no serious damage 
to the formed elements of the blood or coagu- 
lation mechanism was found. 

SHEPS 


Aviado, D. M., Jr., and Schmidt, C. F.: Physio- 
logic Bases for the Treatment of Pulmonary 
Edema. J. Chron. Dis. 9: 495 (May), 1959. 
Inhalation of oxygen to minimize anoxemia is 

the most important and most urgent treatment 

of pulmonary edema, but opinion is still divided 
about the value of antifoaming agents as an ad- 
junect to oxygen therapy. Treatment of the most 
common types of pulmonary edema uses 3 major 
methods of decreasing hydrostatic pressure in 
the pulmonary capillaries: decrease in blood 
flow, as with morphine, ganglion blockers, vene- 
section, and tourniquets; increased myocardial 
contraction by means of digitalis or aminophyl- 
line, and dilatation of pulmonary blood vessels. 
Morphine, aminophylline, and isoproterenol aid 
also by decreasing fluctuation in intrathoracic 
pressure. Pulmonary edema oceurring in poison- 
ing by musearinie drugs and anticholinesterase 
agents, which is steadily increasing among 
workers with insecticides, is treated with atro- 
pine, oxygen, and removal of fluid obstructing 
the air passages. Atropine is ineffective in treat- 
ing an inflammatory reaction, such as caused 
by chlorine, bromine, or phosgene irritation. 

Thermal injury of the respiratory tract produces 

spasm in pulmonary veins and inereases eapil- 

lary pressure. It may become possible to treat 
this type of edema and also that caused by 
chemical injury by using improved drugs which 

relax vascular spasm. A new compound, 45-50, 
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lowered pulmonary arterial pressure, raised 
systemic blood pressure, and slowed heart rate 
but has not been tested in clinical pulmonary 
edema. Other methods were discussed which are 
still in experimental stages. 

MAXWELL 


Olson, R. E.: Myocardial Metabolism in Con- 
gestive Heart Failure. J. Chron. Dis. 9: 442 
(May), 1959. 

The biochemistry of the heart in man and 
experimental animals under physiologic condi- 
tions and in congestive failure is reviewed. 
Metabolie processes (energetics) in heart muscle 
are divided into 3 general phases: energy libera- 
tion, energy conservation, and energy utilization. 
All of these reactions must o¢ecur at adequate 
rates for the heart to perform work. A metabolic 
disturbance at any of these stages ean, if it 
produces a generalized metabolic disease with 
vasodilatation, set the stage for high-output 
failure. Such syndromes oceur as a result of 
oxygen lack, coenzyme lack, as seen in the thi- 
amine-deficieney state of beriberi, or hormonal 
imbalance, with thyrotoxicosis being the most 
notable. The low-output failure seen in associa- 
tion with hypertension or valvular disease is 
related by the author to an apparent defect in 
actomyosin, an event of the third stage of ener- 
getics, i.e., energy utilization. The ability of the 
heart to do work depends on the biochemical 
processes which generate and utilize free energy 
in the process of contraction. It is therefore con- 
sidered that greater precision will be possible 
in defining the causes of heart failure if new 
investigations are directed at biochemical ex- 
planations of the disease. 

MAXWELL 


McMichael, J.: Cardiotonics and Diuretics in 
Human Heart Failure. J. Chron. Dis. 9: 602 
(May), 1959. 

The primary effects of digitalis are slowing of 
the heart, increase in strength of contractions, 
elevation of arterial pressure, and development 
of ectopic rhythms. Secondary changes are fall 
of venous pressure and diuresis. The types of 
action of the drug in various hemodynamic situa- 
tions are described and illustrated. Results of 
efforts to strengthen contractions in the follow- 
ing states are discussed: mitral stenosis, mitral 
incompetence, hypertensive and chronic ischemic 
heart disease, acute ischemia, aortie stenosis and 
incompetence, cor pulmonale, and_ thyrotoxic 
heart failure. Theophylline is also discussed. It 
produced transient increases in cardiac output, 
being most valuable for treating acute attacks 
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o. lft vintriecular failure. It helped promote a 
mereurial diuresis when patients had become 
refractory to these agents. It must always be 
given slowly to avoid overstimulating respiration. 
Diuretic therapy was discussed and the risks re- 
viewed. Diuretics should be used with caution 
and at intervals of a few days to allow adjust- 
ment of electrolyte balance. Especially if edema 
is present, the optimum water and electrolyte 
balance must be carefully regulated when diure- 
ties are used. If salt restriction or synthetic 
resins are part of the regimen, electrolyte im- 
balances are even more likely to oceur. The elini- 
cian must always keep in mind the possibility of 
increasing uremia from sodium depletion, and 
muscular weakness from severe potassium loss. 
The author considers the safest and most physio- 
logie approach to be treatment with digitalis 
alone, when this is feasible. 


MAXWELL 


CORONARY ARTERY DISEASE 


Helander, S8.: Armchair Treatment with and 
without Anticoagulants in Cardiac Infarction. 
Acta med. scandinav. 162: 351, 1958. 

In order to evaluate more fully the “arm- 
chair” method of treatment of myocardial in- 
farection, the author studied a group of patients 
with myocardial infarction and divided them 
into 3 categories: (1) bed. rest with anticoagu- 
lants, (2) armchair with anticoagulants, (3) arm- 
chair without anticoagulants. The study included 
292 patients hospitalized within 3 days of the on- 
set of the myocardial infarction and excluded 
those patients in whom death occurred within 24 
hours of admission. The material was further di- 
vided in 3 groups on the basis of the severity of 
the infarction. Group I (19 per cent) included pa- 
tients with shock, group II (76 per cent) in- 
cluded those with the usual clinical signs and 
symptoms of infarction while those in group IIT 
(5 per cent) could only be distinguished from 
angina pectoris on the basis of electrocardio- 
graphic tracings. The distribution of cases into 
each of the treatment groups was comparable 
and the total mortality figures showed 12 per 
cent mortality in those treated with armehair 
and anticoagulants, 15 per cent in armchair with- 
out anticoagulants and 26 per cent in bed rest 
with anticoagulants. Comparing the patients in 
group II the mortality rate was 6 per cent in 
the armchair group given anticoagulants while 
16 per cent of the armchair group without anti- 
coagulants expired. This difference was not ap- 
parent in the more severe group. In analyzing 
the cause of death in these patients it was found 
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that embolism played a relatively small role as 
the immediate cause of death. No certain differ- 
ence could be found between the incidence of 
thromboembolic complications in the group re- 
ceiving and not receiving anticoagulant therapy. 
A greater number of patients died of progressive 
cardiac failure in the group treated with bed 
rest than in the group treated in a chair but the 
reason for this was not immediately apparent. 
The author suggests that the armchair treatment 
lessons the burden placed upon the myocardium 
and may decrease the risk of occurrence of pul- 
monary edema. It was concluded that armchair 
treatment was a good prophylactic measure 
against embolic complications so that only those 
patients with poor prognostic signs need be 
given anticoagulants. 


F'REEDBERG 


Botham, R. J., and Young, W. P.: An Experi- 
mental Study of Systemic-Coronary Anastomo- 
sis. Surg., Gynec., & Obst. 108: 361 (Mar.), 
1959. 

Two types of arterial anastomoses were ¢ar- 
ried out in a total of 25 dogs: the inferior end 
of an internal mammary artery into the distal 
end of the initial portion of the left circumflex 
artery and a carotid autograft between the side 
of the left subclavian artery and the end of the 
left circumflex artery. Anticoagulants were not 
used. Within 72 hours postoperatively, 12 ani- 
mals died and had thrombosis of the graft while 
an additional 7 dogs succumbed, possibly of 
myocardial damage, but had patent grafts. Two 
dogs sacrificed 514 to 6 months postoperatively 
had patent grafts. These results were considered 
to contraindieate at present an attempt to re- 
lieve segmental coronary artery disease in man 
by means of this type of operation. 


RoGERS 


Haeger, K.: Studies of the Coronary Circulation. 
I. The Surgical Anatomy of the Right Coro- 
nary Artery of the Dog and the Effects of 
Acute Ligation. J. Thoracic Surg. 37: 517 
(April), 1959. 

The right coronary artery is commonly de- 
seribed as having 2 main branches. One branch 
runs along the anterior portion of the right ven- 
tricle and the margo acutus. The other runs to 
the posterior part of the right side of the heart. 
The purposes of this paper were to describe a 
common variant of the classical description of 
the distribution of the right coronary artery and 
to demonstrate how this variation influenced the 
effect on acute ligation of this vessel and some 
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of its branches. It was found that complete 
ligation of the right coronary artery resulted 
in death within 24 hours in 15 of 16 dogs. In 4 
of 5 animals surviving the operation myocardial 
infaretion was present at autopsy. In the mon- 
grel dog the dominant branch was the ramus 
marginalis acuti and in the greyhound it was 
the ramus ventriculi dexter anterior. The proce- 
dure for insertion of a plastic tube in the right 
coronary artery required ligation of the ramus 
ventriculi dexter anterior. The ramus marginalis 
acuti was ligated in 80 dogs with no signs of 
difficulty. In the greyhound, where the dominant 
branch was the ramus ventriculi dexter anterior, 
ligation of this vessel resulted either in immedi- 
ate ventricular fibrillation or subsequent myo- 
cardial infaretion. Smaller branches of the right 
coronary artery could ligated without ensuing 
difficulty. Branches of the right coronary, there- 
fore, can be ligated with relative impunity except 
for those dogs with the “greyhound” anatomy 
where ligation of the ramus ventriculi dexter 
anterior uniformly resulted in death. 


LEVINSON 


Wolfe, K. B.: Anatomy of the Septal Artery in 
Dogs’ Hearts. Am. J. Surg. 97: 279 (Mar.), 
1959. 

The coronary arteries in 91 dogs were injected 
with plastic and the tissues corroded. The septal 
artery arose from the left common coronary artery 
or at its bifureation 50 per cent of the time. In 
the remaining dogs it arose from the anterior 
descending ramus of the left coronary artery. In 
these latter instances the distance between the 
origin of the descending ramus and the septal 
artery averaged 1.9 mm., and the range was 
from 0.5-4.5 mm. The inside diameter of the 
coronary arteries was also measured. The left 
common coronary artery averaged 4.3 mm. 
(2.5-8.0); the descending ramus averaged 2.7 
mm. (2.0-4.0); the septal artery averaged 1.8 
mm. (1.0-3.0 mm.), and the right coronary artery 
averaged 1.95 mm. (1.1-2.6 mm.). 


SHEPS 


Ensor, R. E., and Peters, H. R.: Long-Term 
Anticoagulant Therapy in Coronary Disease. 
J.A.M.A. 169: 914 (Feb. 28), 1959. 

In a series of 521 patients there was a group of 
408 with myocardial infaretion within which it 
was possible to make comparisons between 268 
patients who remained on anticoagulant therapy 
and 140 (pseudocontrols) who discontinued such 
treatment after 3 months to 10 years. Mortalities 
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at both the 5 and 10 year periods were higher 
for the pseudo controls (29 and 36 per cent) 
than for those who continued the treatment (21 
and 25 per cent) The 5 year and 10 year mor- 
tality figures available in the literature in which 
anticoagulants were not given (true controls) 
are 44 and 68 per cent respectively. During the 
course of the study 58 minor and several rather 
severe hemorrhagic episodes occurred but there 
were no fatalities. The conclusion was reached 
that anticoagulant therapy improved the prog- 
nosis for the patient. 


KITCHELL 


Benda, L., Doneff, D., and Moses, K.: The Effect 
of Cocarboxylase on Rhythni Disturbances in 
Acute Myocardial Infarction. Cardiologia 34: 
298, 1959. 

Eleven patients with acute myocardial infare- 
tion in whom arrhythmias were observed, par- 
ticularly ventricular extrasystoles, are reported. 
In all patients the arrhythmia was rapidly relieved 
by intravenous administration of cocarboxylase. 
The source of this arrhythmia in myocardial in- 
farction and its modification by coearboxylase are 
discussed. 


BRACHFELD 


Maling, H. M. and Highman, B.: High Altitude 
Tolerance of Normal Dogs and Dogs with 
Myocardial Infarcts. Am. J. Physiol. 196: 507 
(Mar.), 1959. 

Normal dogs, sham-operated dogs and dogs 
with large myocardial infarets produced by coro- 
nary artery ligation were exposed to simulated 
altitudes of 34,000-38,000 feet for 3 to 31% hours. 
Twelve of 13 normal dogs, and all 8 dogs with 
3 to 14 day infarets survived exposure to 34,000 
feet. Five of 6 dogs with 2-day infarcts and 3 
of 6 sham-operated dogs died at this exposure. 
There were no deaths among 8 normal dogs, and 
2 deaths among 4 dogs with 7 to 18-day infarcts 
during exposure to 38,000 feet. Respiratory and 
cardiac rates increased markedly in all dogs at 
high altitudes. Throughout the exposures, ectopic 
ventricular beats were recorded frequently in 
most of the dogs with infarcts, less frequently in 
sham-operated dogs, and rarely in normal dogs. 
Deaths among normal and sham-operated dogs 
and some of the deaths among dogs with in- 
farets were from respiratory failure. Two deaths 
from ventricular fibrillation were recorded in 
dogs with infarcts. Exposure to high altitudes 
did not modify significantly either the gross or 
histologic appearance of the infarcts. 


KaAYDEN 
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UNCOMMON FORMS OF 
HEART DISEASE 


Cooley, D. A., Morris, G. C., Jr., Attar, S.: Car- 
diac Myxoma. Arch. Surg. 87: 410 (Mar.), 1959. 
The pertinent literature is reviewed and four 

cases are described. In the first patient a diag- 

nosis of constrictive pericarditis was made and 
when the myxoma was discovered at thoracotomy, 
removal was followed by cardiac arrest and 
death. There was presumably an embolism with 
tumor fragments into the pulmonary arteries. 
Two patients were diagnosed when operated upon 
for presumptive mitral stenosis. Nothing further 
was done in either instance at the time and sub- 
sequently, cardiopulmonary by-pass was carried 
out and the tumor successfully and completely 
removed. In the last patient a pre-operative 
diagnosis had been made. A _ successful removal 
was carried out utilizing cardiopulmonary by-pass. 


SHEPS 


Toone, E. C., Pierce, E. L., and Hennigar, G. R.: 
Aortitis and Aortic Regurgitation Associated 
with Rheumatoid Spondylitis. Am. J. Med. 26: 
255 (Feb.), 1959. 

Evidence is inereasing to support the opinion 


that a type of aortitis and aortic regurgitation is 
specifically related to rheumatoid spondylitis. This 
report describes 8 patients with aortic regurgita- 
tion and aortitis among 265 with rheumatoid 
spondylitis. The diagnosis of rheumatoid spon- 
dylitis was based on typical roentgenographic 
changes in the sacroiliae joints and characteristic 
physical findings. The diagnosis of aortic regur- 
gitation was based on a diastolic murmur over 
the aortic valve and left sternal border. Peripheral 
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rheumatoid arthritis was present in 5; a possible 
history of rheumatic fever in 1. Postmortem 
examination performed in 2 patients showed di- 
lated incompetent aortic valves with shortened, 
thickened cusps, dilated aorta with wrinkled in- 
tima, patchy destruction of the media and endar- 
teritis obliterans of the vasa vasorum. 
KURLAND 


Howard, R.: Funnel Chest: Its Effect on Cardiac 
Function. Arch. Dis. Child. 34: 5 (Feb.), 1959. 
The author reports on his personal experience 

with 400 patients afflicted with funnel chests. 

He concludes that exercise tolerance is improved 

after corrective surgery is performed and that 

the improvement is due to an increase in cardiac 
output. Angiograms of 2 patients are presented 
in order to demonstrate the anatomic changes 
produced upon the heart by the depressed 
sternum. 

KARPMAN 


OTHER SUBJECTS 


Richter, K.: Pulmonary Vascular Changes 
in True Polycythemia. Fortschr. Rontgenstr. 
90:179 (Feb.), 1959. 

Of 50 patients with polycythemia, 38 showed 
increased pulmonary vascular markings extending 
to the periphery of the lung. The degree of this 
increase was not strictly parallel to the severity 
of polycythemia. In addition to the increased 
vascular filling, interstitial fibrosis is partly 
responsible for the increased pulmonary mark- 
ings. In 43 of the patients increased tortuosity 
of the aorta and prominence of the aortic knob 
and the left ventricle was found; only about 1/3 
of these showed hypertension. 

LEPESCHKIN 
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A. CARLTON ERNSTENE, M.D. 
The new President of the American Heart 
Association, A. Carlton Ernstene, M.D., has 
been active in the Association’s medical pro- 


























grams and organizational activities for many 








years. He has served on the Board of Direc- 
tors since 1953 and was a Vice-President in 
1957-58. 
entific Council’s Executive Committee, Chair- 
man of the Policy Committee and Chairman 
of the Council on Clinical Cardiology. Dr. 
Ernstene was a founder and first President of 
both the Ohio State Heart Association and the 
Cleveland Area Heart Society. 

Born in Parker, 8.D., Dr. Ernstene re- 
ceived his A.B. and M.D. degrees at the Uni- 
versity of Iowa. He interned at Henry Ford 














He has been Secretary of the Sci- 











































































Hospital, Detroit, from 1925-26 and, in 1927- 
28, was Resident Physician at Thorndike 
Memorial Laboratory, Boston City Hospital. 
From 1927-32, he was Instructor and Assist- 
ant in Medicine at Harvard Medical School. 
He served as Head of the Department of Car- 
diovascular Disease at Cleveland Clinie from 
1932-48, when he was named to his present 
position as Chairman of the Clinie’s Division 
of Medicine. 


NEW OFFICERS OF ASSOCIATION 
ELECTED AT ANNUAL MEETING 
Oglesby Paul, M.D., Clinical Associate 
Professor of Medicine, University of Illinois 
College of Medicine, was named President- 
elect of the American Heart Association at 
its recent Annual Meeting in Philadelphia. 
A. Carlton Ernstene, M.D., Chairman, Divi- 
sion of Medicine, Cleveland Clinic, was in- 
stalled as the Association’s President for the 
1959-1960 term. 

Retiring President Francis L. Chamber- 
lain, M.D., Clinical Professor of Medicine, 
University of California School of Medicine, 
became Chairman of the Heart Association’s 
Central Committee for Medical and Commu- 
nity Program. 

Newly elected as Vice-Presidents of the 
Association were: John D. Brundage, Mont- 
clair, N.J.; J. Scott Butterworth, M.D., New 
York; Edgar Hull, M.D., New Orleans; Louis 
KE. Martin, M.D., Los Angeles; Charles P. 
McCormick, Baltimore; and Merritt H. Stiles, 
M.D., Spokane. Re-elected as Vice-Presidents 
were: A. Wilbur Duryee, M.D., New York; 
Frank L. Mechem, Seattle; and Ray B. Wiser, 
Los Angeles. 
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AMERICAN HEART ASSOCIATION 


RENEW JOURNAL SUBSCRIPTIONS 
THROUGH HEART ASSOCIATION 

Renewals of subscriptions for 1960 of 
Circulation and Circulation Research, offi- 
cial journals published by the Association, 
should be made through the Publishing Di- 
rector, American Heart Association, 44 
East 23rd Street, New York 10, N.Y. An- 
nual subscription rates are: Circulation 
(12 issues) $14 in the U.S. and Canada, 
$15 elsewhere. Circulation Research (6 
issues) $9 in the U.S. and Canada, $10 
elsewhere. (Special annual rate for full- 
time research fellows, $7.) Combined sub- 
seription to both journals, $21 in the U.S. 
and Canada, $23 elsewhere. 


MEETINGS CALENDAR 
February 3-6: American College of Radiology, 
New Orleans. William C. 
Wacker Drive, Chicago 6, TIl. 
February 18-20: Central Surgical Association, 
Chieago. Angus D. MeLachlin, Victoria Hos- 


Stronach, 20 N. 


pital, London, Ontario, Canada. 

March 19-24: American Academy of General Prae- 
tice, Philadelphia. Mae F. Cahal, Volker Blvd. 
at Brookside, Kansas City 12, Mo. 

March 21-24: Southeastern Surgical Congress, 
New Orleans. B. T. Beasley, 1032 Hurt Blde., 
Atlanta 3, Ga. 

March 26-27: American Psychosomatic Society, 
Montreal. Erie Wittkower, 265 Nassau Road, 
Roosevelt, N. Y. 
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March 23-31: Southwestern Surgical Congress, Las 
Vegas. Mary O’Leary, 1213 Medical Arts Bldg., 
Oklahoma City, Okla. 

April 1-3: American Society of Internal Medicine, 
San Francisco. R. L Richards, 350 Post Street, 
San Francisco 8, Calif. 

April 3-6: American Surgical Association, White 
Sulphur Springs, W. Va. W. A. Altemeier, Cin- 
cinnati General Hospital, Cincinnati 29, Ohio. 

April 4-9: American College of Physicians, San 
Francisco. E. R. Loveland, 4200 Pine Street, 
Philadelphia 4, Pa. 


ABROAD 

May 2-11: Pan American Medical Association Con- 
gress, Mexico City. Joseph J. Eller, 745 Fifth 
Avenue, New York 22, N. Y. 

May 6-8: International Congress of Phlebology, 
Chambery, France. J. Marmasse, 3 Rue de la 
Republique, Orleans, Loiret, France. 

May 15-18: International College of Surgeons, 
International Congress, Rome. Secretariat, 1516 
Lake Shore Drive, Chicago 10, Ill. 

May 23-28: Asian-Pacifie Congress of Cardiology, 
Melbourne, Australia. A. E. Doyle, Alfred Hos- 
pital, Melbourne 8S. 1, Victoria, Australia. 

August 14-20: Inter-American Congress of Car- 
diology, Rio de Janeiro, Magalhaes Gomes, Av. 
Nilo Peeanha, 38, Rio de Janeiro, Brazil. 

August 28-September 1: International Congress on 
Diseases of the Chest, Vienna. A. Sattler, Amer- 
ican College cf Chest Physicians, Frankgasse 8, 
Vienna, Austria. ; 

September 1-3: First International Congress of 
Nephrology, Geneva. G. Richet, 149 Rue de 
Sevres, Paris 15, France. 

September 18-25: European Congress of Cardiol- 
ogy, Rome. Secretariat, Clinica Medica, Univer- 
sity of Rome, Italy. 
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